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PRIMARY INTERSTITIAL PULMONARY FIBROSIS: 
DIFFUSE AND CIRCUMSCRIBED FORMS 
Review of the Literature and Report of Eleven Cases 


Corrado M. Baglio, M.D.,* Robert D. Michel, M.D., and 
Warren C. Hunter, M.D., Portland, Ore. 


HE FOLLOWING REPORT on primary interstitial pulmonary fibrosis is presented 

because of (1) the inereasing interest in pulmonary fibrosis, (2) the con- 
fusing concepts of its origin and nature, and (3) the gradually evolving idea 
that a number of separate conditions are, in reality, merely phases of the same 
disease, so ably presented by Cross... We have summarized some of the perti- 
nent features of the disease in Tables I, II, III. Cases not typical of this disease 
have been excluded from our series. 


HISTORICAL 


The credit for recognition of this disease belongs to Hamman and Rich? 
who reported 4 cases in 1935. Pulmonary histologic changes were described in 
1931 by Doenecke* in a patient who had been in contact with radioactive ma- 
terial. The pathologic abnormalities produced by irradiation* are remarkably 
similar to those of chronic interstitial pulmonary fibrosis. The amount of irra- 
diation received by Doenecke’s patient is not known, so it is coneeivable that 
this case was of the primary type and not produced by radioactive material. 

Hamman and Rich*® observed the pulmonary lesions in different stages of 
development. They believed the disease did not begin simultaneously through- 
out the lung, but that it spread to involve all lobes. They observed localized 
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ie PRIMARY INTERSTITIAL PULMONARY FIBROSIS 697 
forms, and considered localized fibrosis encountered at autopsies to belong 
to this disease. The great variation in the extent and type of involvement has 
been emphasized by Cross? in his study of 5 cases, and was observed in our cases. 

The greater use of lung biopsy has permitted better understanding of the 
sequence of events from the early stages to almost complete fibrosis of the lung 
parenchyma. This understanding is extremely important inasmuch as a his- 
tologie picture similar to chronic interstitial pulmonary fibrosis may be seen in 
(1) pneumoconiosis (berylliosis,*-?° bauxite,® asbestosis," ete.) ; (2) collagen dis- 
ease!?-; (3) long-standing chronic passive congestion of the lungs’® '’ (mitral 
and aortic stenosis); (4) congenital dysplasia of the lungs'*; (5) pulmonary 





Fig. 1—Case 2. Posteroanterior roentgenogram of chest showing diffuse mottled nodular infil- 


trations throughout both lung fields, characteristic of diffuse interstitial pulmonary fibrosis. 


adenomatosis’® 2° 21; (6) sarcoidosis” '” ?* *5; (7) radiation pneumonitis‘; (8) 
histiocytosis**-?7; (9) obstruction of the pulmonary veins**; (10) hypotensive 
drugs*® *°; and (11) rheumatoid and rheumatic diseases.’* ** * 


CLINICAL FEATURES 


The clinical manifestations of primary interstitial pulmonary fibrosis also 
vary considerably. The most important symptoms are summarized in Table I. 
In some patients the prodromal period varies from a few days to several years, 
characterized by vague general symptoms such as anorexia, weakness, weight 
loss, easy fatigability, and slight dyspnea. The earliest manifestations are dysp- 
nea, cyanosis, and cough. In addition, there may be fine scattered rales over 
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the lungs and clubbing of the fingers. Slight hemoptysis has been reported, 
and severe hemoptysis terminating in death in 1 case was recorded by Cross.’ 
Chest pain, leukocytosis, or fever have no diagnostic significance. Polyeythemia 
has oceurred in several cases, including 1 in our series. 

An important factor in diagnostic error is the great discrepancy in roent- 
genographie findings, subjective symptoms, and paucity of physical findings.’ 
The lack of correlation between the subjective symptoms and the physical find- 
ings is found in many lesions of the lungs in which a diffuse pathologie process 
does not impair the transmission of normal sounds. 

The roentgenogram may be normal, but more often there are nonspecific 
reticular and nodular shadows or areas of opacity simulating pneumonie con- 
solidation (Fig. 1). However, these changes may appear in only one lobe or 
segment. 

Rubin and Lubliner** have classified cases, according to x-ray appearance, 
into four groups: (1) patients with minimal abnormal roentgen findings, (2) 
those with roentgen findings in keeping with cardiac decompensation, (3) pa- 
tients with roentgen changes compatible with bronchopneumonia, and (4) those 
with roentgen findings consistent with the changes associated with interstitial 
fibrosis. 

The disease may explode as a rapidly fatal condition or may follow a chronic 
protracted course. Basically, however, it is a chronic process. The patients 
reported as having acute disease may have presented an inaccurate history, or 
may have been seen in the terminal stage. The usual clinical course is one of 
deterioration of pulmonary reserve. The terminal event is respiratory insuf- 
ficieney, or right-sided heart failure, or a combination of both. 


PATHOGENESIS 


Chronic interstitial pulmonary fibrosis occurs most often in young adults, 
but there is no sex or racial preponderance. In the diffuse form, the youngest 
patient was 114 years old and the oldest 75, with an average age of 45. In the 
circumscribed form, all of the patients were males. The youngest patient was 
15 years old and the oldest 60 years, with an average age of 46 years. The 
etiology of chronic interstitial pulmonary fibrosis is not known. Three of the 
4 patients reported by Hamman and Rich? had syphilis. However, the relation- 
ship to this disease is disproved by the negative serologic test for syphilis in the 
eases reported subsequently by others. . 

Viral infections have been considered by some as the most probable etiologic 
factor. Experimental work by MeCordock and Muckenfuss** favors the possi- 
bility that this type of pulmonary fibrosis may be caused by a virus of mild 
virulence or present low concentration. Evidence has been advanced against 
this concept. 

Heppleston®* pointed out that in viral pneumonia the acute interstitial in- 
flammation and the subsequent changes are based upon suppurative bronchio- 
litis so the lesions are essentially focal and are related anatomically to the 
bronchioles. 
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TABLE II. SUMMARY OF REPORTED CASES OF DIFFUSE INTERSTITIAL PULMONARY FIBROSIS 
WITH FAMILIAL PATTERN 








AGE, 
RACE, AND SIGNIFICANT ESTIMATED 
OCCUPA- PULMONARY AND DURATION SIGNIFICANT PATHOLOGIC 
NO. AUTHOR AND YEAR TION LABORATORY DATA OF DISEASE FINDINGS 
1 44 3% yr. Marked intimal thicken- 
twin Peabody, Peabody, white, ing of pulmonary 
sisters) Hayes, and —_— housewife arterioles 
Hayes69 1950 
MacMillan? 1951 





44 5 yr. Similar to previous case 

white, 

housewife 

50 Probably Intimal thickening of pul- 

(nother white, 18 yr. monary arteries; hyper- 
and housewife trophy of right ventri- 

daughter) MaecMillan7o 1951 cle of heart 





white 2 yr. Anatomie findings of the 
lungs similar to previ- 
ous case 





39 CO, 85 per cent; he- 28 mo. Right ventricular hyper- 
white, moglobin 18 Gm.; trophy of heart 
housewife RBC 5M; vital ca- 
MaeMillan7 1951 ey tee ae 
45 
white, 
housewife 
52 Marked intimal and sub- 
white, intimal proliferation of 
bartender pulmonary blood  ves- 
Wildberger and sels; hypertrophy of 





Barelay71 1955 right ventricle of heart 


38 Marked intimal and sub- 
white, intimal proliferation of 
laborer pulmonary blood vessels 


58 About 3 yr. Thickening of the walls 
(sisters) ’ white of the medium-sized 
Rubin and blood vessels 
Lubliner33 1957 ‘ 
10 40 About 4 yr. Moderate thickening of 
white pulmonary blood vessels 








TABLE III. REPORTED CASES OF CIRCUMSCRIBED PULMONARY FIBROSIS 














CASE 
NO. | AUTHOR AND DATE| PATIENT STATUS EXTENSION OF LESION 
1 Cross! (1957) 60 3 Fibrosis involving the pleura of the left lung 
and the left lower lobe 
2 Cross! (1957) 46 2 Fibrosis involving the pleura as well as the 
parenchyma of the right lung 
3 Fibrosis of pleura and parenchymal tissue of 
right lower and middle lobe 
Crosst (1957) 15 4 Localized mass 7 em. in size in the right 
$ 





Cross! (1957) 51 


lower lobe 

Cross! (1957) 54 Nodular fibrotic lesions in both upper lobes 

Baglio, Michel, 54 ¢@ white Interstitial fibrosis of the left lung and subse- 
and Hunter quent involvement of right lung 

Baglio, Michel, 45 8 white, Apical posterior segment of left lung and 
and Hunter dairy worker overlying pleura 

Baglio, Michel, 47 &@ white, Posterior and superior segments of right 
and Hunter laborer lower lobe 








BAGLIO, MICHEL, HUNTER dae aan 

Callahan** suggested that the disease might be produced by a chronic ob- 
struction of lymph flow since changes in the lung bear a resemblance to spon- 
taneous or experimentally produced lymphedema and elephantiasis. Pokorny* 
and others suggested that the disease may be a sequence of several attacks of 
interstitial pneumonia with lack of fibrinolytic enzymes and failure of absorp- 
tion of the inflammatory exudate. 

An “‘allergic’’ etiology for this condition was suggested by Hamman and 
Rich.’ Read** described experimental studies in which rabbit anti-rat-lung 
serum was injected intratracheally in rats. The pulmonary lesions produced 
in rats had many features similar to the pathologic changes in primary inter- 
stitial pulmonary fibrosis. 

Many features suggest that the development of this condition is based on 
an immune mechanism. Eosinophils in the pulmonary lesions are compatible 
with such an allergic response. The lung lesions in some patients with rheuma- 
toid disease and rheumatic heart disease*” *? are identical with interstitial pul- 
monary fibrosis. Also, there is a morphologic resemblance between the Hamman- 
Rich disease and such diseases as polyarteritis nodosa,*® lupus erythematosis, 
Wegener’s granulomatosis,*° and scleroderma. Even though the etiology of 
these conditions is obscure, many observers consider them manifestations of 
tissue hypersensitivity. 

The familial tendeney (Table II) may reflect a genetically influenced mode 


of tissue hypersensitivity reaction. The beneficial response of some patients to 
adrenal steroids is consistent with an immune mechanism. 


CASE REPORTS 


During the past 3 years we have observed 11 cases of interstitial pulmonary 
fibrosis of which 8 were the diffuse form and 3 the cireumscribed form. In the 
interest of brevity and for a better comparison with previously reported exam- 
ples of the diffuse form, our cases of this type have been greatly condensed and 
will be found in Table I, Cases 1-8, inelusive. Since the cireumscribed form 
has been recognized only recently, we have presented the findings more fully 
in Case Reports A, B, and C. 

In our eases of diffuse involvement (Table I), the diagnosis was made at 
autopsy in Cases 1 and 2. In Case 3, the diagnosis was established by lung 
biopsy. The patient died 6 months later and autopsy sections revealed an ex- 
acerbation of the inflammatory process in addition to chronic changes. At 
autopsy, Case 4 was at first considered to have had pulmonary adenomatosis 
due to the marked hyperplasia and anaplasia of the alveolar epithelium. A more 
careful review indicated that this was pulmonary fibrosis of the Hamman-Rich 
type. 

Case 5 was diagnosed as having pulmonary adenomatosis by lung biopsy 
and the autopsy findings were typical of chronic interstitial pulmonary fibrosis. 
In Case 6 diagnosis was made by lung biopsy and a postmortem examination 
could not be obtained. In Case 7 two lung biopsies were obtained 21 months 
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apart and on different sides. After the first biopsy, the patient was given pred- 
nisone 50 mg. initially and then a maintenance dose of 15 mg. daily. The second 
biopsy showed more fibrosis with an increase of hyperplasia and anaplasia of the 
alveolar epithelium. In Case 8 the diagnosis was made by lung biopsy and the 
patient is receiving prednisone. Clinically he is improved, but his vital capacity 
is progressively deteriorating. 

In Case Report A, the left lung biopsy showed the circumscribed form of 
this disease. Subsequently a diffuse infiltration of the right lung was noted on 
x-ray examination. In Case Reports B and C, the clinical picture and x-ray 
studies were suggestive of bronchogenic carcinoma but, on surgical removal 
of the involved lung, circumscribed interstitial pulmonary fibrosis was found. 


Fig. 2.—Case Report A. Posteroanterior roentgenogram of chest showing diffuse infiltra- 


&. 
tion bilaterally (more extensive in the right lung) and flattening of the diaphragm, with 
obliteration of both costophrenic angles. 


Case Report A.—A 54-year-old white man was admitted to the hospital on Aug. 4, 1956, 
because of exertional dyspnea and left pleural effusion. He had had rheumatic fever from 
1916 to 1918. He was well until 1942 when he noted dyspnea and wheezing which became 
progressively worse. Positive physical findings consisted of bilateral friction rubs with 
dullness and crackling resonant rales in the left hemithorax and a diastolic apical murmur. 
X-ray studies revealed left pleural effusion. Bronchial washing, scalene lymph node 
biopsy, and biopsy of a granular lesion in the left bronchus were negative. A thoracente- 
sis yielded 300 c.c. of a serosanguineous fluid which was negative for neoplastic cells. 
Laboratory studies, including skin test for histoplasmosis, coccidioidomycosis, and tuber- 
culosis, were negative. After the thoracentesis, a chest film disclosed marked fibrotic 
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changes in the left lung field and some hazy increased density in the right middle lung 
field. The patient gave a clinical impression of chronic congestive heart failure due to an 
old rheumatic mitral valve lesion. A mitral commissurotomy was performed on Sept. 11, 
1956, The lung was adherent to the entire parietal pleura, mediastinum, and diaphragm. 
After operation the patient continued to have a Grade 2-3 diastolic murmur, paroxysmal 


nocturnal dyspnea, cough, and episodes of dizzy spells. 

On May 6, 1959, he was admitted to the hospital complaining of fever of 2 weeks’ 
duration, hemoptysis, and increasing weakness. He was afebrile on admission, A roent- 
genogram revealed a patchy, diffuse density throughout the right lung with scarring and 
increased radiolucenecy in the left lung, flattening of both leaves of the diaphragm, and 
obliteration of both costophrenic angles (Fig. 2). 

A biopsy of the left lung showed a greatly thickened pleura which was smooth and 
white. Histologically, the pleura had been replaced with thick, vascular collagenous 
tissue. Some of the alveoli contained a fibrinous exudate, while others were packed with 
round cells, a great many of which contained brown hemosiderin pigment. Where the 
wall of the alveoli was well defined, it appeared to be lined by single layers of prominent 
cells. Occasionally, there was abundant cellular connective tissue which was unevenly 
distributed within the alveoli. This connective tissue was also abundant between alveoli. 
The bronchi showed no histopathologic change, but were often found to be embedded in 
fibrous tissue. The blood vessels of medium size showed only a mild fibrosis of the ad- 
ventitia with hypertrophy of the intima, but no significdnt narrowing of the lumen. 

In this patient the disease was clinically evident in the left lung and, according to 
x-ray studies, the right lung was becoming involved. It is possible that both lungs had 
been involved at the same time but in different degrees. 


Case Report B.—The patient, a 54-year-old white truck driver, had worked in a dairy 
until 1953. For many years, he had had a chronie cough productive of a small amount of 
sputum which had been attributed to cigarettes. In June, 1958, after spray-painting a car, 
he developed aching, weakness, feverishness, and increasing cough with expectoration. 
There was some wheezing but no hemoptysis. 

Physical examination at this time was essentially normal except for impaired reso- 
nance, bronchovesicular breath tones, diffuse subecrepitant rales, and occasional friction rub 
over the left upper lobe, contraction and elevation of the left hilum and tracheal shift to 
the left (Fig. 3). The hemogram and urinalysis were normal. <A skin test for tuber- 
culosis was negative. The symptoms subsided following antibiotic treatment, but the 
chest roentgenogram was unchanged. 

On June 30, 1958, at a left thoracotomy, adhesions were found only on the apical 
portion of the lung. The apical posterior segment was rubbery to palpation and was dis- 
sected from the remaining lung. The resected portion of the lung was 16 em. by 10 em. by 
3 cm. The pleura was thickened and firm yellowish areas were noted near the bronchi 
and vessels. Histologically the pleura showed dense, vascular fibrous tissue. Alveoli were 
absent in the dense fibrous tissue areas. In other areas the groups of alveoli were separated 
by fibrous thickening of the septa. Many of these alveoli were filled with mononuclear 
cells resembling lipophages, with foamy cytoplasm and a small central nucleus. In some 
there were a few erythrocytic or phagocytic cells containing pigment. Some alveoli con- 
tained fibrinous exudate and a few mononuclear cells. A discrete lymphocytic infiltration 
was present in some of the fibrous tissue and alveolar septa. 


CaAsE Report C.—The patient was a 47-year-old white itinerant laborer who was well 
until January, 1957, when he experienced sudden right anterior chest pain which radiated 
laterally and into the right shoulder. One week later, there developed a cough productive 
of one-fourth cup of yellowish sputum daily and he noticed progressive shortness of breath 
on mild exertion. At the onset of his illness, he had anorexia and a 20 pound weight loss 
over a 1-month period preceding his hospitalization on Jan. 30, 1957, He had smoked 
two packs of cigarettes daily for many vears. 
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Fig. 3.—Case Report B. Posteroanterior roentgenogram of chest showing mottled and 
confluent infiltrations of the left upper lung with elevation of the left hilum and shift of the 
trachea to the left. 


Fig. 4.—Case Report C. Posteroanterior roentgenogram of chest showing enlarged right hilar 
shadows and parenchymal infiltration of right lung field. 
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On admission to the hospital, the blood pressure was 115/75 mm. Hg, pulse 96, respira- 
tions 30, oral temperature 96.6° F. There was increased AP diameter of the chest with 
suiken supraclavicular spaces. The chest was hyperresonant to percussion and no rales 
were heard. Both ankles had 2+ warm pitting edema, Small shotty axillary and inguinal 
nodes were present bilaterally. The rest of the physical examination was within normal 
limits. 

The red blood cells numbered 3.94 million, hemoglobin was 11.1 grams, white cells 
31,250, with a normal differential count; erythrocyte sedimentation rate was 21/100. The 
sputum studies were negative for acid-fast bacilli. 

X-ray studies showed an enlarged right hilum and parenchymal infiltration involving 
the right lower lung field (Fig. 4). Laminograms demonstrated large masses in the right 
hilum with compression of the right lower lobe bronchus. Bronchoscopy was normal. 
Bronchial washings were negative for malignant cells and for acid-fast bacilli on both 
smear and culture. On March 8, 1957, the posterior and superior segments of the right 
lower lobe were excised. 

The surgically removed lung tissue consisted of two pieces of soft dark-brownish 
smooth tissue and the entire specimen weighed 180 grams. The pleura was fibrosed and 
relatively thickened. 

The histologic picture had a striking resemblance to both acute and chronic interstitial 
pneumonitis. In places where the process was in its actjve inflammatory phase, there was 
edema, mononuclear cell infiltration of alveolar walls and albuminous exudate in the 
alveoli. No hyaline membranes were visible. Older lesions showed vascular hyperplasia, 
wide alveolar septa, and fibrous encroachment of the alveolar lumina. Focal areas of lung 
parenchyma had also been completely replaced by fibrous tissue. There were focal collec- 
tions of lymphocytic cells throughout. Phagocytic cells laden with hemosiderin pigment 
were present in the alveoli. Small focal hemorrhages were visible in both alveoli and 
fibrous tissue. 


PATHOLOGY 


Grossly, the lung is usually solid, and increased in weight and firmness. 
The pleural cavity may be uninvolved or may show old or recent fibrinous adhe- 
sions. The pulmonary lobular markings may be strikingly accentuated on the 
visceral pleural surface. Small emphysematous blebs can be present. Crepita- 
tion is diffusely decreased. The cut surface has a diffuse, web-like fibrotic ap- 
pearance. In a few instances the lungs have been found to have a marked 
cirrhotic appearance. 

This disease is essentially interstitial and alveolar in location. Both the 
diffuse and the circumscribed form have similar histologic features. The con- 
dition is characterized by an extreme variety of microscopic patterns, including 
edema, fibrinous exudate, mononuclear cell infiltration of the septa, and focal 
hemorrhage to the most extreme grade of fibrosis and interstitial collagenous 
deposition. This variability is probably a result of the following sequence of 
events: an early stage consisting of fibrinous exudate and predominant mononu- 
clear cell infiltration which involves the alveoli, the septal and interseptal tissue 
(Fig. 5). This process is followed by an alveolar cell, vascular, and reticulum 
hyperplasia. The alveolar epithelium undergoes a series of changes from necro- 
sis and formation of hyaline membranes (Fig. 6) in the early phase to regen- 
eration and hyperplasia in the later stages (Fig. 7). There is a striking varia- 
tion in the number of alveolar blood vessels. There have been cases such as 
those reported by Golden and Bronk,** in which the proliferation of the septal 
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Fig. 5.—Case 3. Sections of the autopsy showing exacerbation of the chronic inflammatory 
process With interstitial and intra-alveolar edema, hyaline membranes, and necrosis of alveolar 
walls. (X200; reduced 4.) 

Fig. 6.—Case 5. Lung section showing hyaline membranes lining the alveoli. (x120; 
reduced 44.) 
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: Fig. 7.—Case 5. Lung section showing hyperplasia and anaplasia of the alveolar epithelium 
with a pseudoglandular pattern, presence of basophilic exudate and mononuclear cells in the 
alveoli. (X160; reduced 4.) 

Fig. 8.—Case 5. Lung section showing an area of vascular hyperplasia. (X170; re- 
duced \.) 
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Fig. 9.—Case 3. Lung section of the biopsy showing advanced interstitial fibrosis, chronic 
inflammation, and intimal thickening of the blood vessels. (200; reduced 4.) 

Fig. 10.—Case 6. Lung section showing organizing hyaline membrane on the surface 
of the alveolar wall. (x320; reduced 4.) 
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capillaries was so striking that the authors called this process ‘‘angiosis.’’ The 
vascular hyperplasia does not have the same significance as the proliferation of 
blood vessels which occurs in the formation of granulation tissue since, in pul- 
monary fibrosis, the increased vascularity is usually more striking in areas in- 
volved by fibrosis. In all our eases, there have been varying degrees of vas- 
cular hyperplasia coincident with fibrosis of the lung parenchyma (Fig. 8). 
In the later stages, fibrous tissue begins to proliferate, becoming very cellu- 
lar and mixed with inflammatory exudate at first, less cellular and rich in 
collagenous bundles as the process develops (Fig. 9). The fibrous tissue en- 
croaches upon the alveoli leading to a loss of the alveolar pattern and replace- 
ment of the alveolar parenchyma with large areas of fibrosis. Shrinkage of the 
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Fig. 11.—Case 5. Lung section showing remnants of alveoli present in the form of cords of 

hyperplastic alveolar cells buried in fibrous tissue. (240; reduced 4.) 
lung parenchyma is brought about in two ways: by organization of the hyaline 
membranes (Fig. 10) and fibrosis of the interstices and septa, and by encroach- 
ment of fibrous tissue upon the alveoli (Fig. 11). When the disease proceeds 
to the later stages, the patient dies of progressive suffocation. Exacerbation 
may occur at any time during the course of the disease; this was evident in one 
of our patients (Case 3, Table I). 

The principal changes and the consequent disturbances of pulmonary hemo- 
dynamies are caused by septal edema, hyperplasia of capillaries and the reticu- 
lum tissue, and by thickening of the septa. These disturbances are comparable 
to those occurring in cases of long-standing mitral and aortic stenosis.** 27 In 
both conditions, the histopathologic abnormalities of the alveolar septa inter- 
fere with the oxygen and carbon dioxide exchange. As pulmonary fibrosis 
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advances, there is impairment in the pulmonary circulation with a gradual rise 
of pulmonary artery and right ventricular pressure and consequent dilation and 
hypertrophy of the right ventricle. The pulmonary hypertension is due to the 
absence of the normal anatomic structure of the alveolar capillaries as well as 
to the fibrosis, loss of elasticity and intimal thickening of the pre-alveolar arteri- 
oles. Of the reported cases of the diffuse form, more than 60 per cent of pa- 
tients had some degree of cor pulmonale. However, there may be no correlation 
between cor pulmonale and lesions of the medium and smaller blood vessels. 
Differentiation from organized pneumonia ean be readily made since chronic 
interstitial fibrosis has the following microscopic features: (1) the type of in- 
flammation consists of only a few granulocytic leukoeytes, mostly mononuclear 
cells, lymphocytes, plasma cells, and often a small number of eosinophils or 


Fig. 12.—Case 8. Lung section showing interstitial fibrosis, anaplasia and hyperplasia 
of the alveolar lining cells in a pseudo-adenoma pattern. (X160; reduced 4.) 
oceasional giant cells; (2) necrosis of the alveolar walls; (3) fibrinous exudate 
and hyaline membranes attached to the alveolar walls; (4) marked edema and 
fibrin deposition in the alveolar walls with consequent thickening of the alveolar 
septa; (5) hyperplasia, metaplasia, and anaplasia of the lining alveolar cells 
which often are sloughed off and packed into the alveolar lumina (in many 
instances they are laden by hemosiderin pigment or have a lipophagie appear- 
anee); (6) recent and organizing intra-alveolar and interstitial hemorrhages; 
(7) absence of any stainable bacteria; and (8) the lesion of the bronchioles con- 
sisting of peribronchiolar fibrosis, smooth muscle hyperplasia, some chronic in- 

flammation and squamous metaplasia. 
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Despite the large number of diseases responsible for pulmonary fibrosis, it 
is only possible to arrive at a clinical diagnosis when all diagnostic means, 
including appropriate pulmonary function studies and lung biopsies, are used. 
The disease which can most closely simulate this condition is pulmonary adeno- 
matosis (Fig. 12). In our series, such an erroneous diagnosis was made twice, 
once upon study of biopsy material and a second time at autopsy. In one ease 
of Rubin and Lubliner** an erroneous diagnosis of metastatic malignaney was 
made. Transition of pulmonary fibrosis, in any of its forms, into pulmonary 
adenomatosis”® *! is still a subject of dispute, and probably occurs also in the 
primary interstitial type. The marked alveolar cell hyperplasia and anaplasia 
(Figs. 7 and 12) characteristic of primary interstitial fibrosis and its close re- 
semblance to adenomatosis can lead to diagnostic error, especially when the 
study is limited to biopsy material. 


PULMONARY FUNCTION STUDIES 


The results of vital capacity measurements in our patients with chronic in- 
terstitial pulmonary fibrosis are in agreement with those obtained by others. 
The vital capacity test measures the volume of. gas that can be expelled force- 
fully from the lungs after maximal inspiration. The vital capacity may be 
reduced by (1) a decrease of lung volume, (2) limitation of chest expansion, 
(3) limitation to the descent of the diaphragm, and (4) limitation to the ex- 
pansion of the lungs. 

The studies in our patients reveal a diminished vital capacity amounting | 
to one half to one third of normal values. It is reasonable to assume that the 
major cause of the reduced vital capacity is due to a decreased number of al- 
veoli and to limitation of expansion secondary to fibrosis of large areas of the 
pulmonary parenchyma. In our patients the rate of air flow during forced 
expiration was normal as measured by the timed vital capacity. This indicated 
that even though there was considerable interstitial fibrosis and abnormal al- 
veoli, there was no obstruction to air flow. 

Our patients presented evidence of arterial oxygen desaturation since none 
showed arterial oxygen saturation greater than 95 per cent, the lower limit of 
normal. After breathing 100 per cent oxygen for 10 minutes, all of the patients 
brought their arterial saturation from 102 to 105 per cent. A decrease in ar- 
terial oxygen saturation may be due to hypoventilation, impairment of diffusion, 
uneven ventilation related to blood flow, or venous to arterial shunts (intra- 
cardiac or intrapulmonary). The venous to arterial shunt is the only mech- 
anism causing arterial oxygen desaturation that is not completely correctable by 
inhaling 100 per cent oxygen. A venous-to-arterial shunt was ruled out in our 
patients since the hypoxemia was correctable by 100 per cent oxygen inhalation. 

In Case 7, cardiac catheterization showed normal right ventricular and 
pulmonary artery pressure and normal cardiac output. The pulmonary artery 
had 71 per cent O, saturation and brachial artery 91 per cent O, saturation. 
The ventilation equivalent for O. was 3.50 L. per 100 ¢.c., with the upper limit 
of normal being 2.50 L. per 100 ¢.e. 
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An impairment of alveolar-capillary diffusion for oxygen has been demon- 
strated in patients having clinical, roentgenographic, and biopsy evidence of 
pulmonary fibrosis of various etiologies other than Hamman-Rich disease.’ 
Luchsinger and others,** in a recent study of 2 cases of primary interstitial pul- 
monary fibrosis, found an abnormally wide alveolar-arterial tension gradient and 
pulmonary hypertension. They concluded that these abnormalities are the 
result of extensive destruction of pulmonary capillaries. These conclusions are 
supported by a histologic picture of pulmonary vascular hyperplasia, and capil- 
lary engorgement, distortion and fibrosis of the capillary blood vessels, loss of 
elasticity and intimal thickening of the pre-alveolar arterioles. 


THERAPY 


Before 1952, the treatment of chronic interstitial pulmonary fibrosis was 
usually symptomatic, consisting of expectorants and antitussive agents. In 
1952, adrenal steroids were introduced along with the increased use of lung 
biopsy as a diagnostic measure. 

Of the 23 patients previously reported who have been treated with steroids, 
only 3 showed any remarkable clinical improvement with the total disappearance 
of symptoms and clearing of the chest roentgenograms.*’ °** °® Of these eases, 
two of the patients died a few days after discontinuing steroid therapy,*" ™* 
while the third patient is still alive and asymptomatic after 8 months of con- 
tinuing administration of cortisone.** Ten patients had no clinical improve- 
ment.** ** #8: 5 51.68 Tn 9 other cases, there was some temporary improve- 
ment,** 5?) 54 66 67, 68, 71 hut without change in the course of the disease. In 3 
of these last 10 cases, there was an exacerbation of symptoms and death follow- 
ing the reduction or withdrawal of steroid therapy.** *! White and Craighead” 
reported a patient who had exacerbation of symptoms following cessation of 
‘steroids with prompt response to restitution of therapy. 

Three of our patients who received steroids had no symptomatic improve- 
ment, and, in one of them, the vital capacity has progressively deteriorated. A 
fourth patient has been receiving steroids for a period of 314 years with symp- 
tomatic improvement of dyspnea, even though there has been steady reduction 
of the vital capacity. 

The rationale for the use of adrenal steroids is based upon its anti-inflam- 
matory and anti-exudative effect.** Beneficial effects have been reported in those 
patients in whom the disease process was in a relatively early stage. Once 
fibrosis becomes established, it appears to be irreversible and the patients receive 
only temporary benefit. 

Hamman and Rich considered this disease to be due to a hypersensitivity 
reaction. Steroid therapy would be indicated if the main pathologie features of 
this disease were due to an established allergic tissue reaction. Steroids prob- 
ably do not alter the stimulating factors but simply alter the tissue response of 
the host. 

In 5 patients, there was an exacerbation of symptoms and death following 
the cessation or the decrease of steroid dosage, while another patient responded 





12 BAGLIO, MICHEL, HUNTER Pa meg ond 
to restitution of steroids. Because of these disastrous results,“* many investi- 
gators feel that once steroid therapy is instituted, it must be continued indefi- 
nitely. 

To realize the full beneficial effects of adrenal steroid therapy, it is im- 
perative to make the diagnosis early. Since clinical manifestations are so varied, 
it is worth while to resort to lung biopsy more often for carly diagnosis. 


SUMMARY 


The pertinent features of 77 cases from the literature and 11 cases of our 
own series of primary interstitial pulmonary fibrosis of both the diffuse and the 
circumscribed type have been presented and analyzed. The etiology is unknown. 

The earliest clinical manifestations of this disease are dyspnea, cyanosis, 
and cough. In addition, there may be clubbing of fingers, rales, weakness, and 
weight loss. There is a high incidence of arterial oxygen desaturation and de- 
creased vital capacity. X-ray studies are not diagnostic but usually show non- 
specific reticular densities bilaterally. 

Histologically, one sees intra-alveolar exudate and cellular infiltration. The 
changes in the alveolar wall inelude necrosis, regeneration, hyperplasia, ana- 
plasia, and fibrosis. The demonstrable changes in the blood vessels consist of 
hyperplasia, fibrosis, and intimal thickening. Because of these changes, the 
mode of death usually is either pulmonary insufficiency or right heart failure, or 
both. 


Diagnosis of this disease is often made by lung biopsy. There is no ‘‘typ- 
ical’ histologie picture and this disease can be easily confused with pulmonary 
adenomatosis and other conditions. 


It appears from previously reported cases and from our own series that the 
current treatment of choice is adrenal steroids, even though the effect in many 
eases has been negligible. Because of the risk of precipitate death following the 
discontinuance of steroids, it is necessary to continue such therapy indefinitely 
once it is undertaken. 


The authors wish to thank Dr. John E. Tuhy, Portland, Oregon, for permitting us to 
include 2 of his cases in this study. 
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AN INQUIRY INTO THE CAUSES AND PREVENTION OF 
COMPLICATIONS IN RESECTION SURGERY 
FOR PULMONARY TUBERCULOSIS 


W. James Eldred, M.D.,* and Paul C. Samson, M.D.,** Oakland, Calif. 


HIS STUDY comprises an analysis of the resections for pulmonary tubereu- 
losis done on the Thoracie Surgery Service of Highland-Alameda County 
Hospital, Oakland, California, during the period January, 1946, through and 
including December, 1956. There were 288 resections in 274 patients. All 
eases were histologically proved to be tubereulous; a bacteriologie diagnosis 
was made on the majority of them. These patients have been followed from 1 
to 11 years. They were all covered by antituberculosis drugs as the drugs 
became available, although a few of the earlier patients had either no anti- 
microbials or only short 60-day courses of streptomycin. Para-aminosalicylic 
acid (PAS) and isonicotinie acid hydrazide (INH) have been added in the 
usual dosage and for the length of time employed in most elinies. In a few 
eases of an undiagnosed pulmonary lesion, patients were operated upon without 
adequate preoperative antimicrobial preparation, but drugs were administered 
in these patients when tuberculous pulmonary tissue was resected. Almost all 
the patients in the later group had the usual 6 to 9 months sanatorium care 
including drugs, and many of them had pneumoperitoneum as well. The in- 
dieations were the usual ones and the earlier series includes many cases of 
late bronchostenosis of the main-stem bronchus, destroyed lung, uncontrolled 
cavity, tension cavity, and thoracoplasty failure. Because of the absence of, 
or short courses of chemotherapy in the earlier cases, and because of the 
difference in the types of tuberculosis in the patients coming to operation 
in the earlier years compared with the types of disease treated later, the series 
has been arbitrarily divided into two 514 year periods, the first from January, 
1946, through June, 1951, and the second from July, 1951, through December, 
1956. The same surgical technique was used in all of the resections. Fewer 
resections were done in the earlier years of the series (72 resections) than in 
the last 514 years (216 resections). In the first 514 years there were 20 re- 
sections with complications (27.8 per cent) and in the latter half there were 
41 complications (19.0 per cent). The over-all complication rate was 23.8 per 
zent. The mortality rates for the two periods were approximately equal: 
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11.2 per cent in the first 514 years; 9.8 per cent in the second group; and the 
over-all mortality rate was 10.6 per cent (29 deaths in 274 patients). Some 
patients had multiple complications; there were 69 major complications in all. 
Five patients in the group with complications had 2 resections during the 
period of study, and 7 patients in the group with no complications had 2 re- 
sections. All of the patients were operated upon under fairly standard condi- 
tions, including good anesthetic supervision by a physician anesthetist. Blood 
transfusions were available throughout the series, and there was only one trans- 
fusion reaction resulting in a fatality. During the 11-year span there have 
been improvements in surgical technique, learned by the experience of all con- 
cerned. The techniques and agents used in anesthesia have also improved. In 
addition to the advent of antituberculosis drugs there has been better manage- 
ment of pyogenic infections with the newer broad spectrum antimicrobials. 
Pyrazinoie acid amide (pyrazinamide) and viomycin were used in some of the 
drug-resistant cases in the later group. 


OPERATIVE TREATMENT 


Fifty-three patients underwent pneumonectomy, 125 lobectomy, 31 patients 
had removal of a lobe plus a segment, 74 had segmental resection, and there 
were only 5 wedge resections. In the pneumonectomies performed, there were 
complications in 15 cases, and there were 9 deaths directly or indirectly the 
result of surgery. Twenty-seven patients having lobectomies developed com- 
plications and 8 of these died. In the patients who had resection of more than 
a lobe but who had less than a pneumonectomy, there were 7 complications with 
4 deaths. Twelve patients subjected to segmental resections had complications, 
8 of whom died. There were no complications in patients having wedge re- 
sections. With regard to space-diminishing procedures, there were 21 thoraco- 
plasties performed (either pre-resection or concomitant or both) in the group 
with complications and 71 in the other group, a total of 92. The 6 thoraco- 
plasties (pre-resection or concomitant) done in the 74 segmental resections were 
performed in connection with some previous operation or as a modified thoraco- 
plasty. These 6 are not analyzed. There were approximately 30 per cent 
thoracoplasties in all three categories: total operations, patients developing com- 
plications, and those not having complications. Therefore, no statistical sig- 
nificance is attached to them. However, the space-diminishing procedures done 
for certain key complications, which the author believes are important with 
relation to thoracoplasty, are broken down as follows: of the 14 patients with 
bronehopleural fistulas, only 4 had concomitant thoracoplasty; of the 7 with 
empyema, 5 had thoracoplasty (pre-resection or concomitant); two thirds of 
the patients with tuberculous spreads, one fourth with ventilatory insufficiency, 
and one sixth of those developing atelectasis had space-diminishing procedures. 


ANALYSIS OF THE COMPLICATIONS 


A broad summary of the complications can be seen in Table I, which shows 
their incidence and the number of deaths with each type of major complication. 
The most commonly occurring difficulty was bronchopleural fistula with or 
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TABLE I. COMPLICATIONS 








NUMBER DEAD 





Bronchopleural fistula 3 
a. With empyema 
b. Without empyema 
Empyema 
Pulmonary edema 
Hemorrhage 
Shock 
Ventilatory insufficiency 
Acute spread of tuberculosis 
Wound sepsis 
Atelectasis 
Miscellaneous 
Lower nephron nephrosis 
Paradoxical chest wall leading to poor 
drainage and requiring further surgery 
Stump abscess with reactivation TBC in 
bronchiectatiec divisional stumps 
Severe reaction to local anesthetic 
Subcutaneous emphysema requiring 
tracheostomy 
Cardiac standstill 
Totals 69 29 


PIO NINO 


Se 


cos 











without empyema. Pulmonary edema (or cor pulmonale or right heart failure) 
occurred 9 times with 7 deaths. Empyema, hemorrhage, shock, atelectasis, ven- 
tilatory insufficiency, wound sepsis, and acute spread of tuberculosis occurred 
in that order of frequency. There was a miscellaneous group of patients ac- 
counting for 9 major complications, 5 of whom died. Seventy-nine per cent of 
the patients developing complications had positive sputum, whereas 68 per cent 
of the group without complications were sputum positive. These complications 
are further analyzed in tabular form. 

The ‘‘tubereulous complications’’ occurred much more frequently in pa- 
tients with positive sputum: 11 out of 14 with bronehopleural fistulas (Table 
II), all of those with empyema (Table III), and all of those with tuberculosis 
spread (Table IV). Fistula occurred more frequently following lobectomy than 
in any other type of resection. In 2 cases, a segment was removed in addition 
to a lobe. There was only one bronchopleural fistula which followed pneumonec- 
tomy, and this occurred in a patient who had not had concomitant thoracoplasty. 
There were 5 cases of bronchopleural fistula in which the bronchoscopic note 
mentioned a ‘‘red’’ bronehus. There were 3 additional eases in which either 
no bronehoseopy was done or the bronchoscopy was performed many weeks 
before the resection. The one case (No. 29) of mass ligature of the broncho- 
vascular pedicle, done to control hemorrhage, was followed by a bronchopleural 
fistula. The patient who developed a fistula following pneumonectomy for de- 
stroyed lung had bronchoscopic evidence of extensive tracheobronchial disease, 
with stenosis of the main-stem bronchus. This patient (No. 6) had uncontrolled 
positive sputum and, in desperation, steroids were given preoperatively in an 
effort to control the tracheobronchitis. The cavity was entered at surgery and, 
following pneumonectomy, a fistula developed on the tenth day; the patient 
died on the thirteenth day. That was the one and only instance of ACTH being 
administered to a tuberculous subject on this service. 
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From Table II it can be seen that inadequate drug coverage, particularly 


in the early part of the series, may have been partly responsible for the fistulas. 
In analyzing these 14 fistulas there is only 1 ease (No. 5) in which there is no 


_ Fig. 1—Case 10. A, Atelectasis, right middle and right lower lobes, due to bronchoste- 
nosis. 
B, Following bilobectomy (right middle and right lower lobes). 
C and D, Two and one-half years later, bronchopleural fistula and spread on right side. 
Empyema was drained with Eloesser flap, but patient died 6 months after fistula appeared. 


apparent cause. This was an instance of a destroyed right upper lobe and a 
large cavity in the right lower lobe in which a lobectomy plus segmental re- 
section was performed in the presence of a quiescent bronchus and with ade- 
quate drug coverage. Concomitant thoracoplasty was done; yet multiple fistulas 
occurred, which required three operations. There was a final good result. 
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TABLE II, 








SPUTUM AND 
SENSITIVITIES 


PREOPERATIVE 
BRONCHOSCOPY 


DRUGS COVER- 


ING SURGERY 


TYPE OF DISEAS; 





10D 26 
(Fig. 1) 


14 


pos. 


pos. 


pos. (resistant to 
SM) 


neg. 


pos. 


pos. (slightly re- 
sistant to SM) 


neg. 


pos. (resistant to 
all drugs) 


pos. 


pos. (resistant to 
PAS, SM) 


RLL, RML red and 
stenotic—2 mon. 


Quiescent 


Extensive tracheo- 
bronchial disease 
with RMB stenosis 


Red, narrow RML 
and RLL 


No endobronchial 
disease, but endos- 
copy 6 wk. prior 
to surgery 


‘‘OK for resection’’ 


Red, friable mucosa 
at LMB, LLL 


No stenosis or edema 


Not done 


Normal 


LMB slightly red- 
dened 


Chronic striations; 
no acute inflam- 
mation 


Not done 


Normal 


SM, PAS 


SM, PAS, INH 


SM, PAS, INH 


PAS 


SM, PAS, INH 


SM, PAS, INH 


SM, PAS, INH 


SM, PAS 


INH added to 
regimen 


SM, PAS 


SM, PAS, and 
viomycin 


Destroyed RML, 
RLL 


Destroyed RUL; 
large cavity RL 


Destroyed lung; 
tracheal stenosis 
and giant cavity 

Atelectatic RML, 

- RLL; tracheobr: 
chial disease 


Cavity RUL and 


superior segment 
of RLL 


Cavity A-P segment 
LUL 


Giant tension cavity, 
LUL 

The bronchiectasis, 
LLL 


Chronie abscess 
LUL; Eloesser 
flap drainage 


Cavity, RUL 


Cavity, LUL 
Cavity, LLL and 
apex of chest 


Cavity, LUL 


Giant cavity RUL 
and fibrocavitary 


The, RML, RLU 





*The same patient had separate fistulas with the 2 


resections. 


Studies on the resistance of the tubercle bacillus to various antimicrobials 


were not done on all of the patients in this series. Twenty-one patients with 
positive sputum in the group which developed complications had resistance 
studies. It is interesting to note that of the tuberculous complications there 
were 7 resistant eases: 4 of the 11 patients in the group which developed fistulas 
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‘HORACO- 
PLASTY 


WITH | 
EM- 


OPERATION PYEMA 


RESULTS 





No 


Yes, coneomi- 
tint 


No 


Yes, conecomi- 
tant 


Yes, preresect. 


and eon- 
comitant 


Yes, eon- 
‘omitant 


No 


Bilobectomy Yes 


(RML, RLL) 


Lobectomy 
plus segmen- 
tal resect. 

Pneumonee- 


tomy 


Bilobectomy 
(RML, RLL) 


Segmental re- 
sect. 


Segmental re- 
sect, 


Lobectomy 


Lobectomy 


Lobectomy and 
excision 
Eloesser flap 


Lobectomy 


Lobectomy 
Segmental re- 
sect. 
Lobeetomy 
Lobeectomy and 


segmental 
resect. 


Fistula, 14th day, requir- 
ing 4 operations to close; 
died of pulmonary edema 


Multiple fistulas, requiring 
3 operations; final result 
good 


Fistula 10th day; died 
13th day 


Fistula 3 years later RLL 
stump; died 


Fistula after 1 mo. re- 
quiring 2nd operation; 
good result 


Fistula after 10 mo. re- 
quiring thoracoplasty ; 
good result 


Fistula 11th day; died 


Fistula 3rd week, con- 
trolled by bronchoscopic 
AgNO, cauterizations 


Fistula continued after 
drainage tubes removed; 
two further operations ; 
good result 


Air leak continued requir- 
ing thoracoplasty on 12th 
day 


Fistula Ist day requiring 
multiple operations in- 
eluding a 2nd resection 
(see below) 


Fistula 3rd week, requir- 
ing multiple operations; 
spread to right; died 


Fistula treated by pneu- 
monectomy ; died 3rd day 
postop. pneumonectomy 


Fistula 1st week, requiring 
2 operations; poor re- 


sult with basal empyema 





Bronchus was red, preop. 


No cause apparent from 
chart analysis 


Steroids given preopera- 
tively; cavity entered at 
surgery 


Bronchus was red, preop. 


No immediate preop. bron- 
choscopy 


Emphysematous lungs 


Bronchus was red, preop. 


Mass ligature bronchovas- 
cular pedicle to control 
hemorrhage 


Drug coverage not good, 
as Tbe was not suspected 


Bronchoscopy 1 mo. pre- 
op.; emphysema 


Bronchus red at endoscopy 
2 months preop.; LMB 
inadvertently entered at 
surgery 


Uncontrolled positive 
sputum 


No bronchoscopy prior to 
Ist resection 


Should have had preresee- 
tion or concomitant 
thoracoplasty 


had resistance to one or more drugs, 1 out of 7 of the patients with empyema 
had resistance to three drugs, and 2 of the 3 patients with acute spread were 
resistant to one or more drugs. 

Table III shows that in all 7 of the cases of empyema there had been posi- 
tive sputum, and in 5 of them there had been inadequate drug coverage as 
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py oh RESECTION SURGERY FOR PULMONARY TUBERCULOSIS 72° 
judged by our present-day criteria. All of the instances of empyema followed 
either lobectomy or pneumonectomy, and there were only 2 patients who did 
not have thoracoplasty, either pre-resection or concomitant. In addition to no 
drug coverage or insufficient drug coverage for the cases of empyema, there 
were 3 cases of soiling of the pleura by cavity contents. In 1 such patient 
(No. 20), with resistant organisms, pneumonectomy was done under a (pre- 
resection) thoracoplasty for a destroyed lung. This empyema was further com- 
plicated by wound dehiscence, which required completion of the thoracoplasty 
in two stages, followed by an eventual good result. 

Acute spread of tuberculosis following surgery is tabulated in Table IV, 
showing that no drug coverage or inadequate drug coverage was a factor in 
2 patients, and, in the third, in whom three drugs were given, studies had 
shown total resistance. Two of the 3 patients also had a ‘‘red’’ bronchus. 


Fig. 2.—Case 24. A, Atelectasis-cavitation, left lung, with tracheobronchial disease. B, Spread 
to right side, 17 days following pneumonectomy. Patient died 2 years later. 

The complication of acute pulmonary edema occurred most commonly fol- 
lowing pneumonectomy as would be expected. Pulmonary edema and ventila- 
tory insufficiency are tabulated together (Table V). Four of the patients with 
ventilatory insufficiency should have had early tracheostomy and perhaps 
tracheostomy with prolonged artificial respiration, as many of them had re- 
tained secretions and underwent numerous bedside bronchoseopies. Hemor- 
rhage in surgery, extensive and difficult operations, advaneed age, emphysema, 
ete., all played a part in the development of pulmonary edema in these patients 
as can be seen from the last column in Table V. 

The complication of severe hemorrhage is tabulated together with shock, 
(Table VI). The latter is a classification under which 6 cases are tabulated 
after exhaustive analysis of the records failed to reveal any better cause for the 
complication. All 6 patients in shock died. Of the 7 cases of hemorrhage, 3 
patients died in the immediate postoperative period or within the first 2 weeks; 
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3 had re-exploration and removal of the clotted blood or decortication, and 1 
was improved following conservative treatment (Figs. 3 and 4). In this group 
of 13 eases of shock and hemorrhage there is no discernible cause for the de- 
velopment of the complication in 3. However, in the other 10 cases mention 
was made of diffieulty with hemostasis at surgery, or some factor is brought out 
in the clinical summary of the ease which gives a hint as to why it occurred. 

Table VII shows the 6 cases of serious atelectasis and attempts to analyze 
their causes. All of these patients had immediate postoperative bronchoscopies. 
Two of them (No. 12 and No. 55) would have benefited from early tracheostomy, 
in retrospect, and 1 patient (No. 39) received a large dose of morphine on the 
first night which may have depressed the respirations. The patient was a 
58-year-old man who had undergone lobectomy for a mass thought to be a ear- 
cinoma. The lesion was tuberculous, and he had repeated episodes of atelectasis 
which required bronchoscopy at the bedside. 

There were 4 cases of wound sepsis. This complication oceurred following 

pneumonectomy in a rather poorly nourished man (No. 20) who had a history 
of aleoholism. His course was further complicated by the development of an 
empyema, treated by total thoracoplasty in two stages with a final good result 
(referred to above). Another wound sepsis occurred in a patient (No. 21) who 
underwent a bilobectomy for giant cavity, and whose course was complicated by 
acute spread which cleared with bronchoseopy. This individual developed a 
nonspecific granulomatous infection of the sternomanubrial joint and the 
sternum which required four operative precedures on the chest wall, with a good 
result. This patient had had contamination of the pleura during surgery. 
Another patient (No. 25) had a lobectomy for tuberculous bronchiectasis under 
a thoracoplasty. This patient died soon after operation with a combination of 
wound dehiscence and empyema. No obvious cause for this catastrophe could 
_be found except that there had been no antituberculous drug coverage. The 
final case of wound sepsis (No. 49) oceurred in a middle-aged diabetic woman 
undergoing lobectomy for a right upper lobe cavity in the presence of bilateral 
disease. She developed chest wall abscess some weeks after operation which re- 
quired two operative procedures to débride and marsupialize the infected chest 
wall. Wound infection has been reported in fairly high incidence in eases in 
which pulmonary resection for tuberculosis has been done. This has not been 
our experience, although in recent years there has been a definite inerease in 
superficial wound sepsis due to the ubiquitous staphylococeus. 

The remaining serious complications are classified under a miscellaneous 
group in which there were 2 cases of lower nephron nephrosis, 1 case of para- 
doxical movement of chest wall, 1 stump abscess with reactivation tuberculosis 
in bronchiectatie lobar divisional stumps, 1 severe reaction to a local anesthetie, 
1 ease of subcutaneous emphysema requiring tracheostomy, and 3 eases of cardiac 
standstill. The cases in the miscellaneous group have little in common and are 
not tabulated. One of the eases of lower nephron nephrosis was due to a trans- 
fusion reaction. The case of severe paradoxical respiration was due to an 
unstable chest wall probably due to the use of formalin in a previously done 
thoracoplasty. This individual had difficulty raising secretions after the 
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Fig. 3.—Case 48. Posteroanterior roentgenogram (A), and right lateral planigram (B). 
Active right upper lobe tuberculosis. Segmental resection (apical and posterior segments) was 
done. C, Postoperative bleeding, requiring four transfusions. D and E, Organizing hemothorax, 
=< incomplete expansion of lung. F, After secondary thoracotomy and decortication, 1 month 
ater, 
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decostalization procedure, but was finally discharged only to develop a paradoxi- 
eal chest wall later, with poor drainage and bronchiectasis in the right middle 
lobe. This required resection of the middle lobe and several plastic reconstructive 
operations on the chest wall. The ease of reaction to local anesthetic oceurred 





Fig. 4.—Case 40. A, Bronchogram, showing tuberculous bronchiectasis, left lower lobe. 
B, Two days postoperative (left lower lobe lobectomy) hemothorax occurred. 
C,Response to thoracenteses, enzymes, and transfusions through sixth postoperative week. 
D, Six months later, essentially clear chest. 


in a patient who had had extensive surgery. She had had a left pneumonectomy 
and thoracoplasty in 1950. In 1956 the right middle lobe had been removed, 
under hypothermia, because of a residual cavity. She died following intercostal 
nerve block for chest pain on the second postoperative day, in which 40 e.e. 
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TABLE VII. ATELECTASIS 
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TYPE OF DISEASE 


POSTOP. 


BRONCHOS- 


OPERATION COPY 


| CAUSE 





Far-advanced The RUL 
and superior segment 
of RLL 


Undiagnosed lesion, 
RLL 


Possible Ca (or tuber- 
culoma) RUL 


Solitary pulmonary 
nodule, superior seg- 
ment of LLL 

Cavity, RLL 


Cavity, LUL under 
thoracoplasty 


Lobectomy and Yes 


segmental resect. 


Segmental resect. 


Lobectomy 


Segmental resect. 


Lobectomy 


Lobectomy and 
segmental resect. 


Tracheostomy should 
have been done early 
in P.O. period, per- 
haps excess. Pneumo- 
peritoneum (1,500 e.c. ) 


Advanced age (74)— 
emphysema, asthma 


Large dose of morphine 
given Ist night 


? 


? 


Excessive secretions 
noted in surgery; 
should have had early 
tracheostomy 





of 2 per cent Xylocaine was used. The eases of cardiac standstill are difficult to 
However, 1 of these patients had previously had 


analyze, as is often the case. 
a right lower lobe lobectomy for tuberculosis. 


The heart stopped during the 


chest wall closure; resuscitation was at first successful, but cardiae arrest re- 
curred, and she died 1 hour later. She did not have an immediate preoperative 
bronchescopy, and the coroner’s postmortem examination showed massive atelec- 
tasis of the entire left lung. Prior bronchoscopy might have cleaned out the 
left side better. 

There was no significant difference in the number of Negroes who developed 
complications after resections when compared with white persons who developed 
complications. 


TABLE VIIT. CERTAIN COMPLICATIONS RELATED TO KEY DATE, SEPTEMBER, 1952 








AFTER SEPTEMBER, 1952 
(167 CASES) 
6 (3.6%) 
7 (4.2%) 
1 (0.6%) 


7 (4.2%) 
8 (4.8%) 


BEFORE SEPTEMBER, 1952 
(121 CASES) 


(6.7% ) 





Bronchopleural fistula 8 
Empyema 5 (4.1%) 
Acute spread of tuberculosis 2 (1.6%) 
Pulmonary edema and 

ventilatory insufficiency 6 (4.9%) 
Hemorrhage and shock 5 (4.1%) 





PRESENT REGIMEN BASED ON ANALYSIS OF COMPLICATIONS 


Commencing in mid-1952, efforts were directed to reduce postoperative con 
That this was at least partially successful is indicated by a com 
parison of complication rates in the period preceding September, 1952, with th: 


plications. 


rates from September, 1952, to December, 1956. By reference to Table VII! 
it ean be seen that there were 121 cases of complications before mid-1952 anc 
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167 cases after that date. There were 8 bronchopleural fistulas (6.7 per cent) 
in the early period and 6 fistulas (3.6 per cent) in the later period. Of the 3 
acute operative spreads of tuberculosis, 2 occurred in the early period and 1 
later. Since September, 1952, resection surgery has not been undertaken here 
in the presence of anything suggesting tuberculous bronchitis. The percentage 
incidence of pulmonary edema and ventilatory insufficiency which are con- 
sidered together, and of hemorrhage and shock, considered together, was ap- 
proximately the same. 

Based on these studies and the over-all analysis of the complications de- 
tailed above, the following plan of care is now standard. 

In the Preoperative Phase.—In addition to stabilization of the patient’s 
lesions by the usual regimen of sanatorium eare, cardiopulmonary evaluation is 
earried out, including electrocardiogram when indicated and pulmonary fune- 
tion tests on all of the patients. Careful study of pulmonary function, using 
well-standardized techniques (vital capacity, maximum breathing capacity, 
minute walking ventilation), together with fluoroscopy, will enable one to pre- 
dict the likelihood of a patient developing the complication of ventilatory in- 
sufficiency. Medical consultation is obtained in the borderline eases, and all 
cases are presented to a combined medical-surgical conference before resection 
is reeommended. Following the conference, an additional period of observation 
on the surgical ward is carried out, with the patient ambulatory; preoperative 
physical therapy instruction is given. Estimation of blood volume in patients 
with chronic suppurative disease is carried out, for example in cases of empyema, 
of destroyed lung, and in all obviously debilitated patients. In addition to the 
conventional and frequently used drugs (streptomycin, para-aminosalicylie acid, 
and isonicotinie acid hydrazide) additional antimicrobials such as viomyein and 
pyrazinamide are used in cases of drug resistance. In the past 5 years it has 
been our policy to obtain sensitivity studies on all positive cultures. When the 
tests indicate resistance to the ‘‘standard’’ drugs (streptomycin, INH, and 
PAS), one or more additional drugs are added to cover the surgery. Specifically 
we favor pyrazinamide (in doses of 35 mg./Kg./day) for 1 to 2 weeks pre- 
operatively, and for 6 to 8 weeks postoperatively, with frequent tests of liver 
function. Viomyein is often used, together with pyrazinamide, in eases in 
which the sputum is resistant to two or more of the standard drugs, in doses 
of 1 Gm. every 12 hours, given on every third day for a similar period of time 
pre- and postoperatively, with frequent tests of kidney function. Cyeloserine 
has not been used during the period of study. 

Bronchoscopy is always done by the surgeons in addition to any endoscopies 
done at the sanatorium. This is done well ahead of the proposed surgery in 
order to rule out acute or subacute bronchitis; the finding of either will cause 
the operation to be postponed, and preoperative treatment with aerosol, postural 
drainage, and broad spectrum antibiotics is given. Bronchoscopy is also used 
in the immediate preoperative tracheobronchial toilet of the patient with abun- 
dant secretions. Bronchography is now done almost routinely; this adjunct helps 
to map the bronchial disease or distortion. In addition, plain films and tomo- 
grams are studied. 
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In the Operative Phase —During the actual thoracotomy it has been found 
that certain technical details are extremely important in preparing for a trouble 
free postoperative course. Among these are complete mobilization of the entir 
lung, division of the pulmonary ligament when indicated, concomitant decorti 
cation of remaining lobes and segments, and leaving segmental planes ab 
solutely free of tuberculous disease. Furthermore, a careful flush closure 0) 
the bronehus is performed, protected by an adequate blood supply, and by ai 
additional buttress of pleural fat. Removal of caseous lymph nodes at th 
hilum, if they are resectable, is done. Lobeectomy, rather than segmental re- 
section, is done in most of the drug-resistant cases, if the pulmonary reserv: 
will allow it, in view of the known greater complication rate for segmental re 
section in such instanees. In dealing with suppurating, destroyed lung, th: 
main-stem bronehus ean be packed through the bronchoscope immediately pre 
operatively to prevent spillover during the operation. In this connection, rapid, 
temporary ligature or amputation and closure of a lobar bronchus prior to 
extensive manipulation of cavity bearing tissue is practiced when lobectomy is 
done in ‘‘wet’’ eases. Coneomitant decortication of remaining pulmonary tissue 
is exceedingly important in obtaining rapid re-expansion. We believe it must 
be done whenever there are rounded rather than sharp lobar edges or whenever 
any sort of an inflammatory peel exists over the lung, whether it be dense and 
fibrous, or soft and velvety. If these rinds are carefully dissected away, with 
care to avoid tearing the visceral pleura, it is often surprising how much previ- 
ously inearcerated lobes and segments will re-expand. 

In selected cases, that is, in patients in whom poor expansion following 
lobectomy is anticipated, or if more than a lobe is certainly involved with surgi- 
eal tuberculosis, pre-resection thoracoplasty is a good protective measure. Usu- 
ally two and a half ribs are removed and, following stabilization from that sur- 
gery (usually in 2 to 3 weeks), the patient is reoperated upon, and the definitive 
surgery is carried out. Modified or tailoring thoracoplasty can be done at that 
time if necessary. Postoperative bronchoscopy is done in almost all cases of 
lobectomy and pneumonectomy and in all eases of segmental resection. Rapid 
re-expansion of the lung is the main objective, with adequate tube drainage, 
and with supplemental suction, when indicated. The use of a sufficient number 
(usually two) intercostal catheters of adequate lumen is stressed. 

In the Postoperative Phase-—Immediately following surgery, if the sur- 
geon anticipates the complication of ventilatory insufficiency, or if the patient 
has proved himself to be a poor cougher on the basis of previous experience 
(perhaps previous resections), immediate tracheostomy may be done. If neces- 
sary, the patient’s ventilation may be supplemented by positive pressure breath- 
ing techniques through the tracheostomy. Nasotracheal catheter aspiration on 
all patients, in addition to vigorous encouragement to cough, is carried out. 
Bronchoseopie aspiration or tracheostomy is rarely necessary, but there is no 
hesitation in carrying these out if indicated. Small doses of nareoties (Demerol 
and others preferable to morphine) and conservative use of hypnoties are im- 
portant considerations. Breathing exercises, early ambulation, arm exercises 
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(beginning with instruction before surgery and continuing the day of surgery 
and thereafter) are carried out. Frequent fluoroscopic and x-ray examinations 
in the first few postoperative days, in addition to bedside evaluation of the pa- 
tient, must be done. Postoperative pneumoperitoneum is started early in se- 
lected cases. Additional drainage tubes are placed in any significant air-fluid 
pocket or air-containing space without hesitation, if the previous placed tubes 
do not control the situation. 

Postoperative observation with removal of the drainage tubes in the first 
few days, and with all of the above details being carried out, usually leads to 
rapid re-expansion of the remaining lung. When a space problem exists and 
cannot be managed by aspirations and intubation, early re-operation is planned. 
Delayed thoracoplasty for these space problems is an important part of the over- 
all management of the patient. This is usually carried out between 2 and 3 
weeks following the definitive resection. 


CONCLUSIONS 


The role of antituberculosis drugs has been stressed by many workers; we 
agree that it plays a tremendous part in the prevention of complications in pul- 
monary resections. The few patients in the series whose sputum contained drug- 
resistant tubercle bacilli developed serious complications, which is in keeping 
with findings of other workers. The role of pre-resection or concomitant thoraco- 
plasty is a subject of much debate and, from the present study, the issue is 
certainly not settled. However, it is concluded that prior or concomitant space- 
diminishing procedures serve a useful purpose in selected cases, especially when 
bronchial complications or insufficient pulmonary re-expansion would be antici- 
pated. The color, sex, and age of the patient seem to have little to do with 
complication rates. : 

Resection in tuberculosis still carries a higher complication rate than re- 
section for any other pulmonary disease. Reduction in these complications re- 
quires meticulous attention to many details by the mediecal-surgical team which 
has the patient under observation from the inception of his disease. 

Our medical confréres must present to the surgeon a patient whose tuber- 
culosis is stable and not progressive. A negative sputum is desirable but not 
mandatory. If positive, resistance studies are necessary. The patient’s general 
condition should be as suitable as possible for major surgery. Diabetes, chronic 
anemia, and heart disease must be controlled or controllable. Patients with low 
cardiopulmonary reserve must be studied very carefully before planning re- 
section, as emphysema and poor pulmonary function are relative contraindica- 
tions to extensive resection surgery. From here on the surgeon’s responsibility 
is paramount. He must assure himself of a quiescent bronchus and he must be 
certain that there is adequate drug coverage should the patient’s organisms be 
resistant to streptomycin, PAS, and INH. 


SUMMARY 


Two hundred and eighty-eight resections for pulmonary tuberculosis in 274 
patients are analyzed. These operations were done over an 11-year period; 
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they are divided into an early and a late group. The complication rate was 25 
per cent for the first 514 years of our study and 19 per cent for the last 514 
years, which reflects an improvement in surgical technique and in preoperative 
preparation of the patient with drugs, as well as in careful bronchoscopie study 
just prior to resection. The causes of the complications are discussed and meas- 
ures for their prevention suggested. It is believed that the complication and 
mortality rates can be brought down still lower by the careful preoperative and 
postoperative management of the tuberculous patient, as well as by meticulous 
attention to surgical details. 
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INTRATHORACIC REDUPLICATION CYSTS 


R. N. de Niord, ]r., M.D., Earl T. Owen, M.D., and 
Edward H. Hancock, Jr., M.D., Lynchburg, Va. 


ei or reduplication eysts within the thorax have been thoroughly 
discussed in an excellent review by Fallon and _ his’ associates.1 These 
lesions are usually diagnosed at, or shortly following, birth because of obvious 
respiratory difficulty, including episodie cyanosis, or the occurrence of resistant 
pneumonia in the early post-partum period. 

Duplication cysts usually lie adjacent to and in close association with the 
esophagus and have been described in all positions within the thorax. How- 
ever, in one of our cases the large duplication cyst was located immediately 
posterior to the bifureation of the trachea causing marked tracheal compres- 
sion and respiratory obstruction. 

Duplication eysts are, by definition, hollow structures possessing a coat of 
smooth muscle similar to the gastrointestinal tract, lined by mucous membranes, 
and are usually in close association or communication with a portion of the 
gastrointestinal tract. These lesions have been described from the base of the 
tongue to the anus but this paper specifically alludes to intrathoracic duplication 
eysts. Those eysts oceurring within the thorax usually are lined by gastric 
mucosa which has led to their being ealled gastric cysts. They contain thick, 
clear, somewhat viscid material, usually with renin, pepsin, and occasionally 
hydrochloric acid in high concentration. Aceordingly, the pH is low. These 
lesions may attain rather large size and usually for this reason have associated 
symptoms of eyanosis due to simple compression of pulmonary tissue. The walls 
of these cysts become extremely well vascularized whether or not a direet com- 
munication with the alimentary tract exists. For this reason dissection must be 
done with some care because of the rather severe bleeding which may occur. 

Gross” has described, in his text, thirteen duplication cysts occurring within 
the thorax. Beardmore and Wigglesworth’? have related an interesting asso- 
ciation of vertebral anomalies and alimentary duplication cysts. We present 
here 3 cases of duplication cysts within the thorax, in 2 of which there were 
vertebral anomalies and a large duplication cyst causing tracheal obstruction. 


CASE REPORTS 
Case 1.—C. E., a newborn infant, had been well until shortly after birth when cyanosis 


was noted and he was treated for pneumonia. Physical examination was not remarkable 
except for some diminished breath sounds in the right hemithorax, and diastasis recti. 


Received for publication Aug. 24, 1959. 
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X-ray studies showed a nonpulsatile smooth mass within the right thorax which seemed 
to move with the lung on respiration (Figs. 1 and 2). The roentgenograms also showed 
a vertebral abnormality at the level of the fourth thoracic and fifth lumbar vertebrae. 
The hematocrit was 58. Other laboratory studies were normal. 

At thoracotomy a rather large smooth muscle cyst of the right thorax was found. 
The mass was so large that room for exploration was inadequate. After decompression 
of the cyst by aspiration of 60 ¢.c. of clear viscid fluid, several traction sutures were 
taken in the thick muscular wall and the cyst was easily removed after division of the 
posterior blood supply from the intercostal vessels. The postoperative course was un- 
eventful and the child recovered completely. 


Fig. 1. Fig. 2. 
; Fig. 1.—Case 1. Posteroanterior roentgenogram which reveals a large rounded density 
in the right lower chest. 
Fig. 2.—Case 1. <A lateral projection which shows a rounded density in the posterior 
basilar region of the thorax which is quite characteristic of duplication cysts. 


CASE 2.—B. B., a 19-year-old white girl, completely asymptomatic, was found on 


routine x-ray study of the chest to have on intrathoracic mass. At a left thoracotomy, a 


large posterior mediastinal mass was found which was thick walled, measured approximately 
8 cm. in diameter, and appeared grossly to be a duplication cyst. This was confirmed at 
the time of histiologic examination. Grossly, the lesion was a thick, smooth muscle structure 
containing gelatinous brown mucoid material which was not foul smelling. The external 
surface of the cyst was extremely vascular, but it was easily removed once the intercostal 
vessel connections were divided. The patient had an uneventful postoperative course. 


CASE 3.—J. C., a one-week-old infant, had been markedly cyanotic with gasping 
respiration since birth. Chest x-ray studies revealed bifid cervical and thoracic vertebrae 
and a rather pronounced mass protruding into the right chest, thought possibly to repre- 
sent the right heart border. The child was so critically ill and short of breath that it 
was difficult to obtain satisfactory roentgenograms. However, a lateral projection was 
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finally obtained which revealed a mass in the region of the tracheal bifurcation with almost 
total tracheal compression (Figs. 3 and 4). Because of the bifid cervical and thoracic 
vertebrae, a meningocele, a neurogenic tumor, or a duplication cyst were considered. 
At a right thoracotomy, a large cystic structure was found which possessed heavy vas- 
cular walls, lying posterior to the tracheal bifurcation, and causing such respiratory 
obstruction that adequate exploration of the thorax could not be performed. The cyst was 
decompressed with a large 15-gauge needle, following which the lungs inflated without 
difficulty. The cyst was removed after careful ligation of the vascular communications 
with the intercostal vessels. No communication with the alimentary tract or esophagus 
was found. The cyst contained thick, clear to clear-brown, viscid material. The child’s 
recovery was marked by the accumulation of thick mucoid bronchial secretions which re- 
quired endotracheal aspirations. 


. oe Conateetahe ue 


Fig. 3. Fig. 4. 


Fig. 3.—Case 8. Posteroanterior projection which shows a rounded density in the right 
mediastinal region. 

Fig. 4.—Case 3. Lateral projection which shows posterior mediastinal mass causing 
compression of the trachea in the region of the carina. 


DISCUSSION 


Duplication cysts within the thorax occur rarely but are characterized by 
rather alarming symptoms of cyanosis or respiratory obstruction due to their 
location within the posterior mediastinum and their compression of lungs, tra- 
chea, or main-stem bronchi. This should be kept in mind in any differential 
diagnosis of a posterior mediastinal or intrathoracic mass, especially in the new- 
born infant. The finding of vertebral abnormalities in association with duplica- 
tion eysts was reviewed by Beardmore and others. The embryological ex- 
planation of this is not entirely clear. However, there is thought to be an 
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association between the enclosure of the spinal cord and notochord by the meso- 
dermal cell mass to form the vertebral body by its anterior fusion, ventral to 
the notochord and dorsal to the primitive gut. In such a closure an adhesion 
between the ectodermal and endodermal germ layers may occur causing a divi- 
sion of the cephalad growth of the notochord. Thus, a duplication and verte- 
bral deformity may occur simultaneously. 

Two of these cases illustrate the importance of decompression of the eystie 
structure to permit adequate exploration. In the third case it was imperative 
that such decompression proceed rapidly because of the tracheal compression 
and respiratory obstruction. A second common finding is the vascularity of 
the external surface of such duplication cysts with origin of blood supply from 
the intercostal vessels. This seems to be a common feature and a primary attack 
on the intercostal communication to the cyst will prevent excessive bleeding. 

It should be emphasized that in a newborn child with a questionable medias- 
tinal mass, cyanosis and a question of respiratory obstruction, complete x-ray 
studies, including lateral projections, are indicated. It has been stated that 
hemoptysis or excess mucous is a frequent finding in posterior mediastinal dupli- 
cation cysts due to erosion into the delicate bronchial structures, causing ob- 
structive atelectasis and recurrent infections. Early exploration of such lesions 
by thoracotomy and resection is indicated before such complications occur. New- 
born infants tolerate operations well and the usual recovery is rapid and un- 
eventful. 


SUM MARY 


1. Spina bifida or defect of the cervical and upper thoracic vertebrae, accom- 
panied by a posterior mediastinal intrathoracic mass in the newborn child, ap- 
_pears to be a rather well-established syndrome and the diagnosis of duplication 


cysts can safely be considered. 

2. The early removal of such duplication cysts or other mediastinal cysts of 
the newborn is indicated because of recurrent respiratory infections and hemop- 
tysis due to bronchial erosion, and because of cyanosis and obstructive atelectasis 
with secondary infection. Newborn infants tolerate thoracotomy well. 

3. Three cases of duplication cysts within the thorax are presented. In 2 
cases there were vertebral body defects, and in one case there was almost total 
tracheal compression with respiratory obstruction. All 3 patients underwent 
successful resection. 
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SPONTANEOUS SUPERIOR MEDIASTINAL HEMORRHAGE 
Arnold M. Epstein, M.D., and Karl P. Klassen, M.D., 


Columbus, Ohio 


 gomecame into the superior mediastinum may occur after surgery in the 
region of the neck, endoscopic procedures, or acute trauma. It also may 
result from rupture of syphilitie and arteriosclerotic aneurysms of the aorta 
and its main branches. In all these instances, the etiology can be determined 
readily by a history of antecedent surgery or acute trauma, and careful evalu- 
ation of the aorta by roentgenography. R 

Two patients have come under our observation presenting a most unusual 
clinieal entity of ‘‘spontaneous’’ superior mediastinal hemorrhage. The etiology 
in these cases has remained obscure. Their clinical course had an acute onset 
and was associated with symptoms of progressive increased mediastinal pressure. 
With supportive therapy, the bleeding stopped, and over a period of several 


weeks the hematoma disappeared. Subsequent investigation failed to reveal 
the cause of the mediastinal hemorrhage. These patients have remained asymp- 
tomatic, showing no evidence of primary or residual cardiovascular disease. 


CASE REPORTS 


CASE 1.—A 66-year-old white woman, M. F. H., was admitted to the Thoracic Surgery 
Service on April 2, 1958, complaining of pain and swelling in the right side of the neck. 
Nine days before admission, the patient had noticed onset of flu-like symptoms: an irritating 
nonproductive cough, sneezing, coryza, generalized malaise, and headache. 

The patient was treated with penicillin without significant improvement. On the night 
before admission, she developed pain in the right side of her neck which was increased by 
swallowing and turning her head, and also a dull, intermittent retrosternal ache which 
radiated to the scapula on the right. There was no vomiting, fever, or chills. The pain 
increased during the night, becoming severe enough to require narcotics for sedation and 
analgesia. She complained of increasing difficulty in swallowing and breathing. Three hours 
later, the patient awoke suddenly and noticed a small, ill-defined swelling in the suprasternal 
region associated with a bluish discoloration on the right side of the neck. During the 
next 2 hours, the swelling became more diffuse, extending from both clavicles to the hyoid 
bone. The patient had been in good health, with no history of syphilis, hypertension, 
dyspnea on exertion, paroxysmal nocturnal dyspnea, or pedal edema. 

The patient was a thin, white woman who appeared anemic. On physical examination, 
the blood pressure was 120/80 mm. Hg, pulse 70, and the respirations 20 per minute. The 
neck showed an ill-defined, doughy, diffuse swelling which extended from the suprasternal 
notch to the hyoid bone. Ecchymosis was present throughout the area. There was point 
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tenderness 1 cm. below and to the right of the thyroid cartilage. No definite thyroid tissue 
could be palpated because of the swelling. Chest, abdominal, pelvic, and rectal examinations 
were within normal limits. 

The hematocrit was 32 per cent and the white cell count 5,900. The platelet count, bleed- 
ing time, prothrombin time, and coagulation time were normal. Serological tests were nonreac- 
tive. The blood urea nitrogen was 17, and the blood sugar 117 mg. per cent. Both venous 


A. B. 


Fig. 1—A, Roentgenogram of M. F. H. on admission to the hospital. There is widen- 
ing of the superior mediastinum without shift of the trachea. B, The same patient, M. F. H., 
one year later. The mediastinum is of normal width. 


A. B. 


Fig. 2.—A, Lateral roentgenogram of M. F. H. showing marked anterior displacement 
of the esophagus and trachea with definite narrowing of the latter. B, Normal roentgenogram 
of M. F. H. one year later. 
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pressure and circulation time were normal. X-ray studies of the chest showed a widened 
superior mediastinum with anterior displacement of the esophagus and trachea by a 
homogeneous mass, consistent with hemorrhage into the superior mediastinum (Figs, 1, 4 and 
2, A). 
Vital signs remained normal throughout the patient’s hospital course. The patient 
improved symptomatically, and there was gradual decrease of the neck swelling. Because 


A. B. 
Fig. 3.—A, Admission roentgenogram of B. S. There is marked widening of the superior 
mediastinum without tracheal displacement. B, Roentgenogram of B. S. one year later. The 
mediastinum is of normal width. 


A. B. 


Fig. 4.—A, Marked anterior displacement and compression of the trachea on admission of 
B. S. B, Same patient one year later. 
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of her clinical improvement, exploratory thoracotomy was considered unnecessary. During 
the next few days, the ecchymotic areas became well delineated over the neck and anterior 
chest with gradual disappearance of all symptoms. The patient was discharged on the sixth 
hospital day, the etiology of her hemorrhage being uncertain. 

The patient was examined last 1 year later, at which time she had no complaints, and 
X-ray examinations showed a normal neck and chest (Figs. 1, B and 2, B). 


CASE 2.—A 76-year-old white man, B. S., was admitted to the Thoracic Surgery Service 
on July 22, 1958, complaining of chest pain, dyspnea, and swelling in the neck. The patient 
supposedly had had a myocardial infarction in 1942 but since that time had considered 
himself well, complaining only of occasional burning epigastric pain which was _ relieved 
by antacids, There was no history of shortness of breath, dyspnea on exertion, pedal edema, 


paroxysmal nocturnal dyspnea, or hypertension. 


Fig. 5.—Ecchymosis of neck and upper chest in B. S. Swelling in neck has subsided, although 
the suprasternal notch is still absent. 


Several hours before admission, the patient developed a mild crushing discomfort in 
the precordium which radiated between the scapulas. Initially, the pain was not influenced 
by activity, position change, or deep breathing. During the next 3 hours, the pain gradually 
increased in severity. Self-induced vomiting and antacids did not relieve his symptoms. 
He began to sweat profusely, became weak and dizzy but did not lose consciousness. He 
began to develop a sense of pressure on both sides of the neck. The patient again induced 
vomiting. 

This was followed rapidly by a sudden fullness on both sides of the neck. For the 
first time, the pain was relieved. During the next 30 minutes, there was a notable increase 
in the fullness of the patient’s neck. He was taken to his local physician because of increas- 
ing difficulty in breathing, swallowing, and recurrence of his pain. Morphine was adminis- 
tered and the patient was fluoroscoped. He was told that he might have an aneurysm and 


was sent to the hospital. 
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Physical examination showed a well-developed, slightly obese white man who was 
perspiring profusely and was in mild respiratory distress. The patient was alert, although 
apprehensive, and was not complaining of pain. The blood pressure was 130/60 mm. Hg. 
The temperature was 96° F., the pulse 65, and the respirations 28 per minute. 

Fundosecopic examination showed a slight increase in size of the veins. There was 
diffuse fullness of the neck, extending from the suprasternal notch to the hyoid bone. 
Palpation disclosed a diffuse, doughy sensation over the neck, with obliteration of the 
suprasternal notch. There was no localized mass. The thyroid gland could not be felt and 
crepitus could not be felt. Both jugular veins were slightly distended. The carotid arteries 
were full and bounding. Both sides of the chest expanded well. Percussion and auscultation 
of the chest were within normal limits. The skin of the chest showed a marked delineation in 
temperature change, being cold and clammy above the nipple line bilaterally with a rather 
abrupt change to normalcy below the nipples. No murmurs were heard. 

The hematocrit was 45 per cent and the white cell count 13,350. The blood urea 
nitrogen was 15 and blood sugar 117 mg. per cent. Serological tests were nonreactive. 
The urine showed a specific gravity of 1.020, with a pH of 7, sugar 1+, occasional white 
and red blood cells. An electrocardiogram showed no evidence of recent or past myocardial 
infarction. 

X-ray studies (Figs. 3, 4 and 4, 4) showed marked widening of the superior medi- 
astinum with a soft tissue mass displacing the trachea and esophagus anteriorly. The mass 
appeared to be connected with the arch of the aorta and extended upward into the para- 
vertebral region of the neck. There was no definite evidence of an aneurysm involving the 
arch of the aorta. Multiple calcifications were present in the thyroid gland, but there was 
no evidence of intrathoracic extension. The presence of an early dissecting aneurysm was 
suspected. 

With intranasal oxygen and use of narcotics to control pain and restlessness, the 
patient appeared to improve slightly. Approximately 30 hours after admission, the blood 
pressure dropped to 94/70 mm. Hg, but responded promptly to one unit of whole blood. 
The pulse varied from 75 to 90 per minute. The swelling in the neck decreased over the 
next 24 to 48 hours. On the third hospital day, the patient began to show ecchymotic areas 
around the neck and anterior chest wall (Fig. 5) which became well delineated by the 
fifth hospital day. Re-examination of the neck after the swelling had receded showed no 
palpable glands or enlarged thyroid. The patient was sufficiently improved to be discharged 
on the tenth hospital day. 

Since discharge from the hospital, there has been no recurrence of the hemorrhage. 
A scanogram, employing radioactive iodine, 3 months after discharge showed no abnormal 
distribution of thyroid tissue. Subsequent x-ray studies obtained 5 and 12 months after 
discharge (Figs. 3, B and 4, B) showed complete resolution of the superior mediastinal mass, 
and cardiac fluoroscopy showed no suggestion of aneurysm. 


DISCUSSION 


Both patients were admitted to the hospital in acute respiratory distress. 
There was a history of sudden onset of pain in the neck and substernally, with 
progressive swelling in the neck. Rupture and dissection of an aortic or arterio- 
sclerotic aneurysm was suspected; however, x-ray evaluation ruled out the 
presence of such a lesion. There was widening of the superior mediastinum 
and displacement of the esophagus. This was followed by ecchymosis of the 
skin at the base of the neck, confirming the diagnosis of superior mediastinal 
hemorrhage in both eases. In the first patient, severe coughing was considered 
the initiating factor; in the second patient, vomiting was considered a con- 
tributory factor. Both patients responded to supportive therapy and the 
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bleeding stopped spontaneously. In the second ease, calcification within the 
thyroid was considered to be the site of the bleeding. Subsequent examinations 
failed to demonstrate palpable enlargement of the thyroid gland. 

The blood vessels in the superior mediastinum which should be considered 
as the source of bleeding in these 2 patients are the inferior thyroid, bronchial, 
and esophageal arteries. One can only speculate as to the etiology of the 
hemorrhage in these cases. Rupture of a small branch during the violent 
coughing and vomiting, particularly in the presence of arteriosclerosis, appears 
to be the only explanation. The slow hemorrhage apparently stopped when 
the pressure within the mediastinum approximated the systolic blood pressure. 
Subsequent examinations failed to demonstrate the usual etiological factors 
responsible for mediastinal hemorrhage of this magnitude. 
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SUMMARY 
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Two cases of superior mediastinal hemorrhage of unknown etiology are 
presented. 


The acute mediastinal hemorrhage produced severe neck and substernal 
pain and was associated with respiratory distress and dysphagia. 
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Both patients recovered without specific therapy. Examination 1 year later 
failed to explain the etiology of this ‘‘spontaneous’’ hemorrhage. 
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THE MARFAN SYNDROME ASSOCIATED WITH AN 
UNUSUAL INTERVENTRICULAR SEPTAL DEFECT 


]. Keith Ross, F.R.C.S., and Frank Gerbode, M.D., 
San Francisco, Calif. 


HE ASSOCIATION between the syndrome first deseribed by Marfan,’ of spider 

fingers and other skeletal deformities, and cardiovascular disease is well 
recognized. Bilateral dislocation of the lens?» * became accepted as part of the 
disease complex 19 vears after the original description. 

The cardiovascular lesions most commonly’ met in the Marfan syndrome 
coneern the great vessels, and fusiform aneurysm of the ascending aorta is a 
frequent finding, with dissecting aneurysm as the lethal complication. The 
pulmonary artery can also be affeected.© Apart from the involvement of the 
ereat vessels, which is an expression of the heritable connective tissue defect,” 
the Marfan syndrome may be associated with congenital extracardiae defects 
such as persistent ductus arteriosus, and mild degrees of coarctation of the 
aorta.‘ 

The congenital intracardiae defects most commonly involve the interatria! 
septum,” *° and, to date, include only one reported example of proved inter- 
ventricular septal defect.1? Co-existence with tetralogy of Fallot has yet to be 
conelusively shown.’ Pateney of the interventricular septum was thought to be 
present in the ease reported by Cockayne," but understandably his clinical diag- 
nosis could not be confirmed by more recently developed techniques. 

The purpose of this report is to deseribe a typical example of the Marfan 
syndrome in which the diagnosis of interventricular septal defeet was proved 
at open operation. An unusual defect involving an aneurysm of the membranous 
portion of the septum was successfully repaired with the aid of cardiopulmonary 


bypass. 


CASE REPORT 


The patient was a 15-year-old white girl in whom a heart murmur was heard at thi 
age of 6 weeks; she had never been cyanosed and had no cardiac symptoms, She had ha: 
four eye operations for dislocated lenses and squint. The family history is incomplete becaus 
the mother was adopted at an early age, but there is no suggestion of the disease on th: 
father’s side. The mother had noticeably blue sclerae. The patient had one sister, wh 


was normal. 


From the Department of Surgery, Stanford University School of Medicine, San Frar 
cisco, Calif. 
Received for publication Sept. 3, 1959. 
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Physical Examination.—The patient was a tall, slim girl (height 68 inches; weight 
121 pounds), with long slender limbs, hands and feet (Fig. 1), arachnodactyly, with ab- 
normally mobile fingers, and dorsal scoliosis, She also had a high, arched palate, rather 
prominent frontal bones, and normally erupted but poor quality teeth. Bilateral dislocation 
of the lenses was present, with evidence’ of past eye surgery. The ears were normally lobed 
and normal in shape. Mental development and development of secondary sex characteristics 
were normal. 


Cardiovascular System: The only positive finding was of a Grade 3 pansystolic murmur 


loudest in the fourth left intereostal space close to the sternal border. There was no thrill. 


Special Investigations: These included a chest roentgenogram (Fig. 2); an electro 
cardiogram, which was normal; and cardiac catheterization. 


Fig. 1.-—Photograph of patient’s hands and feet which demonstrates the long slender extrem- 
ities. The fingers are abnormally mobile. 


The cardiac catheterization study showed clear-cut evidence of a moderate sized left-to- 
right shunt at the ventricular level and no atrial shunt. Right ventricular and pulmonary 
artery pressures were normal. 


Operation—May 19, 1959.—The chest was opened by median sternotomy,!2 significantly 
more bleeding than usual coming from the skin, subcutaneous tissues, and sternal periosteum. 

The ascending aorta and pulmonary artery both looked and felt quite normal. With 
the patient on cardiopulmonary bypass, the right ventricle was widely opened, revealing 
what at first looked like a ballooning of the septal cusp of the tricuspid valve. However, 
the three valve leafiets were then identified and found to be normal, and it became clear that 
the ballooned tissue was in fact an aneurysm of the membranous part of the interventricular 
septum (Fig. 3). It was roughly hemispherical in shape when distended, measuring approx- 
imately 2 to 2.5 em. across at its base, and had two small holes in its wall inferiorly, through 
which red blood spurted with each ventricular systole. The right margin of the aneurysm 
appeared to blend with the adjacent part of the septal tricuspid leaflet and extended for 
a short distance beneath the leaflet. 
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Fig. 2.—Photograph of preoperative chest roentgenogram. Note rather long narrow tho- 
racic cage and marked dorsal scoliosis. There is also prominence of the pulmonary conus and 
increased vascularity in the lung fields. 





Fig. 3.—Diagram of findings at operation. The distortion of the septal tricuspid leaflet over- 
lying the aneurysm is indicated. 
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The defect was closed by interrupted silk mattress sutures placed through the muscular 
part of the septum below and the aortic annulus above, the wall of the aneurysm being 
plicated and incorporated in the repair. 

Finally, hypertrophied bands of muscle were excised from the outflow tract of the 
ventricle and the ventriculotomy was closed, normal heart action resuming when perfusion was 
stopped. The postoperative course was completely uneventful and wound healing appeared 
to be normal. 


COMMENT 


In 1838, John Thurnam* pointed out the potential weakness of the mem- 
branous portion of the interventricular septum, and deseribed an aneurysm at 
this site. Unfortunately, Thurnam could give no elinieal information except 
that the heart was ‘‘taken from a ‘blue boy,’ ’’ and as the aortie and pulmonary 
roots were normal he suggested ‘‘some obstruction in the course of the pulmonary 
cireulation’’ as the cause for the cyanosis. 

In the present case, while it is tempting to link the connective tissue de- 
ficiency of the Marfan syndrome with the findings at operation, there seems 
little doubt that the septal defect was congenital. Thus, the attractive idea of 
a ‘“‘blow-out’’ type of lesion in a previously intact septum, unless it were to 
have progressed to rupture within 6 weeks of birth, is not tenable. If the process 
were comparable with the stress-fatigue type of change seen in the great vessels 
it should not have become manifest until early adult life. 

It is possible that the membranous septum became secondarily dilated where 
it was already weakened by the presence of two small congenital defects, but, in 
the absence of histologic evidence, this must be recorded as an unusual form of 
congenital interventricular septal defect in an individual who has the Marfan 
syndrome. 


It is also interesting to speculate on the degree of obstruction to blood flow 
through the right ventricle caused by the systolic bulging of the aneurysm. 


SUMMARY 


A ease is reported in which the Marfan syndrome and interventricular septal 
defect oceur together. 

A review of the literature shows this to be a rare combination. 

The unusual form of the septal defect is deseribed, being a fenestrated 
aneurysm of the membranous portion of the interventricular septum. 

The defect was successfully repaired at open operation with the use of 
cardiopulmonary bypass. 
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AN UNUSUAL CAUSE OF DEATH FOLLOWING 
SURGERY FOR VENTRICULAR .SEPTAL DEFECT 


P.G. Ashmore, M.D., F.R.C.S.(C),* C. L. Aszkanazy, B.A., M.D., and 
G. S. Kenning, B.A., M.D., C.M., Vancouver, British Columbia 





fae SURGERY of interventricular septal defects has advanced to a point where 
treatment of patients with severe pulmonary hypertension is being under- 
taken. Considerable progress has been made in the development of operative 
techniques applicable to this special group, notably by Lillehei and his associates. 
Despite this, the mortality continues to be relatively high after closure of 
ventricular defects when the pulmonary resistance is markedly increased. In 
our experience, patients who die postoperatively because of high pulmonary 
resistance succumb within the first 48 hours; however, we have recently had a 
case which was an interesting exception to this general rule. 


CASE REPORT 





The patient, an 8-year-old girl, was entirely free from symptoms. A cardiae murmur 
had been noted first at the age of 6 months during a severe episode of pneumonia. Since that 
time she had remained well and had been extremely active. She had never been cyanotic. 

On examination there was no cyanosis or clubbing. There was a short, harsh systolic 
murmur, maximal at the second left interspace. The second pulmonary sound was very loud 


- and single. There was a prominent right ventricular heave. Radiographs revealed right- 


sided cardiac enlargement, with pulsating pulmonary vessels that ‘‘tailed off’’ peripherally. 
An electrocardiogram revealed marked right ventricular hypertrophy, without evidence of 
left ventricular hypertrophy. Cardiac catheterization with a systemic pressure of 105/70 
mm. Hg demonstrated a pressure of 95/3 mm. Hg in the right ventricle and 94/45 mm. Hg 
in the main pulmonary artery. There was a rise in oxygen saturation from 11.5 volumes per 
cent in the right atrium to 12.4 in the right ventricle. A femoral artery sample was 96 per 
cent saturated. 

These pressures were confirmed at thoracotomy. A high interventricular septal defect 
was present which measured about 1144 em. in transverse diameter. Following induced cardiac 
arrest with potassium citrate, the defect was closed with a compressed Ivalon pateh which 
contained two holes, each 2 mm. in diameter. Cardiac resuscitation was uneventful. When 
cardiac action was satisfactory and with a systemic pressure of 110 (systolic), the right 
ventricle pressure had dropped to 60 mm. Hg. A biopsy was taken from the right middle 
lobe and was subsequently reported to show severe sclerosis of small arteries. Tracheotomy 
was performed at the end of the operative procedure. Intermittent assisted respiration was 
employed in the first 8 hours postoperatively, but did not seem necessary later on. 

For the first week the patient’s course was uneventful. On the eighth day she began to 
have intermittent fever up to 104° F. Nothing could be found to account for this at the 

From The Department of Surgery and Pathology, The University of British Columbia and 
Vancouver General Hospital. 

Received for publication Sept. 8, 1959. 
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sites of incisions or in chest films. Blood cultures were negative on two occasions. By the 
tenth day she was complaining of periodic nausea, and the fever continued despite antibiotic 
therapy. On the twelfth day she became very restless and disturbed, although she had no 
specific complaints. The following morning she suddenly stopped breathing. Despite re- 
suscitative measures, cardiac action failed about 3 minutes later. The chest was opened 
promptly, but the heartbeat could not be re-established. 


Postmortem Examination.—The pertinent findings were limited to the heart and lungs. 
In the remainder of the body, the surgical incision in the chest and petechiae of the thymus 
were the only abnormalities. 

The parietal and visceral layers of the pericardium were covered with a thick shaggy 
layer of fibrin. A 4 em. suture line had been placed in the pulmonary outflow and there were 
also two small areas of suturing in the right atrium, one of which fastened a patch of 
fibrous tissue to the outer surface. 


Fig. 1.—Heart-the right ventricle has been opened to display the perforated Ivalon 
sponge sutured into the ventricular septal defect. The right ventricle is markedly hypertrophied 
and the pulmonary artery widened. 


The heart weighed 350 grams. The wall of the left ventricle measured 1.4 cm. in 
thickness, the right 0.8 em. The upper end of the interventricular septum contained a round 
1.5 em. defect which had been closed by means of an Ivalon sponge perforated by two small 
holes (Fig. 1). A few tiny petechiae surrounded the patch. The myocardium underlying the 
sutures was yellow and necrotic, otherwise the muscle was firm and red-brown throughout. The 
tricuspid and mitral valves were normal. The aortic valve and aorta measured 4 ecm. in 
circumference; the pulmonary valve and pulmonary artery measured 6 cm. Small yellow 
flecks of atheroma streaked the aorta, particularly above the valve, and somewhat smaller 
blemishes were found in the pulmonary artery. The coronary vessels were normal. The 
pleural cavities contained a trace of fluid. The lungs weighed 320 and 250 grams, respectively, 
and were moderately congested. The branches of the pulmonary artery were large and stood 
out prominently. 


Microscopically, the hemorrhages in the thymus and necrotic foci adjacent to the in- 
cision in the myocardium were confirmed. The lungs showed patchy edema and alveolar hemor- 
thages. The striking pathologic changes were confined to the arterial tree. The large elastic 
arteries were normal, but some of the smaller ones were nearly occluded by pads of loose 
fibrous tissue. The media was somewhat thickened and contained very occasional foci of foreign 
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body giant cells. The muscular arteries were involved by a severe necrotizing inflammation 
which extended through the entire wall and into the surrounding tissues (Fig. 2). Only short 
segments of the vessels and sometimes only an are of the circumferences were affected, but 
serial sections demonstrated that practically every large muscular artery was involved at some 
point. The arterial wall was swollen with edema and heavily infiltrated by polymorphonuclear 
leukocytes and a rare eosinophil. The outer adventitia contained a dense accumulation of 
lymphocytes and plasma cells and large pale cells resembling reticulum cells. The intima 
was thickened by a layer of edematous fibrous tissue, the internal elastic lamina was often 


Fig. 2.—Acute arteritis in muscular pulmonary artery. Only a. segment of the vessel is 
involved. There is some older intimal fibrosis. (Hematoxylin and’ eosin; X110.) 


Fig. 3.—Healing arteritis in muscular pulmonary artery. Fibrin and some inflammatory 
cells are still present in the wall. The same lesion was frankly acute in another area on 
serial sections. (Hematoxylin and eosin; X35.) 
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partly smudged, and the muscle fibers of the media were disrupted and widely separated. 
Extravasations of fibrin and frank hemorrhages had occurred into the media and sometimes 
the adventitia. Crescentic sinusoidal vessels, consisting only of a single layer of endothelial 
cells and containing a small amount of blood, partly encircled the inflamed congested portions 
of the vessels. Nearly all the lesions were acute and appeared to be ofily about a week old. 
In the odd artery, however, the inflammation was giving way to the healing phase (Fig. 3). 
Young granulation tissue was growing in and repairing the damaged regions. These more ad- 
vanced lesions always merged with an area of active inflammation and were estimated to be 
between 2 and 4 weeks old. 

The smaller branches of the arterial tree occasionally showed a spillover of the in- 
flammatory process, but mainly displayed the changes characteristic of prolonged severe 
pulmonary hypertension. While some of the small muscular arteries and arterioles were 
thick-walled and showed fibrous occlusion of the lumen, many others contained fusiform or 
globular dilatations filled with endothelial cells and organizing thrombi which divided the 
lumen into multiple tiny capillary channels, the whole complex being drained into the capillary 
network by means of one or more large, thin-walled vessels, lined only by endothelium and 
elastica. Occasionally a few foreign body giant cells lay in the middle of the proliferating 
endothelium. The veins and remaining organs were histologically normal. 


COMMENT . 


Pulmonary arteritis may occur as an isolated phenomenon or as part of 
a generalized disease, either a hypersensitivity reaction or periarteritis nodosa. 
When the process is confined to the lungs, it is always associated with raised 
pulmonary artery pressure. The underlying disease may be mitral stenosis, 
congenital heart disease with a shunt, or essential pulmonary hypertension.'~* 


Because of those instances in which the pulmonary hypertension is clearly 
secondary to some cardiae defect, it is now generally conceded that the arteritis 
is the result of the high pressure and not the cause of it. 

The ease reported here resembled the others in the literature in its clinical 
course and pathologic findings. The interesting feature was that the arteritis 
apparently developed after occlusion of the eardiae shunt. The child had been 
in good health prior to surgery and the immediate postoperative course had 
been uneventful. Only 6 days before death an abnormal unexplained degree of 
fever and, later, some respiratory difficulties had given cause for concern. These 
symptoms ean undoubtedly be attributed to the onset of the Widespread arteritis. 
In the majority of cases previously reported, the disease ran a fulminating 
course, lasting only a few days. 

The absence of arteritis in the lung biopsy taken at the time of the cardiac 
repair, although seemingly confirmatory, is really inconclusive evidence. This 
biopsy specimen contained only a few small peripheral arteries, while the in- 
flammation involved mainly the larger muscular vessels and even those were 
only affected in short segments. However, the bulk of the lesions at the post- 
mortem examination were acute and obviously of recent origin, well within the 
2 weeks which had elapsed since surgery; even those which were healing could 
have developed since the operation. 

The occurrence of the arteritis in the postoperative period can be explained 
in two different ways. First, its manifestations at that particular time may have 
been purely coincidental. Heath and Edwards* have recently described the 
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step-like evolution of hypertensive changes in the lung vessels; in their classifi- 
cation arteritis constitutes the highest grade. Our patient displayed all the 
other degrees of severe damage and might have just been ready to pass into 
the arteritic phase. It is unlikely that the operation caused a permanent lower- 
ing of the pulmonary pressure and thus prevented the development of 
arteritis since, in patients in whom the vasculature has become as rigidly 
sclerotic as in ours, the hypertension is maintained by the fixed resistance in the 
lungs, even after correction of the cardiae malformation.® 

Alternately, it is possible that the operation triggered the onset of the 
arteritis. If one assumes that a right-to-left shunt existed, closure of the ven- 
tricular septal defect could have raised the pulmonary pressure by obstructing 
some of the outflow from the right ventricle. Two small holes were left in the 
Ivalon sponge in order to allow gradual adjustment to the altered hemodynamics, 
but these were perhaps too small to be effeetive. Some facts speak against the 
presence of a right-to-left shunt: the patient was never eyanosed and preopera- 
tive catheterization actually demonstrated a small left-to-right shunt and, im- 
mediately after closure of the defect, the right ventricular pressure fell. On the 
other hand, the oceasional patient has been described in whom a right-to-left 
shunt was unaccompanied by eyanosis.° Moreover, such severe sclerotic lesions 
as were seen in the lungs of our patient are nearly always associated with a 
right-to-left shunt. The small volume of the left-to-right shunt during eathe- 
terization does not exclude the possibility of a reversal of flow at other times. 
Even the postoperative lowering of the pressure in the right ventricle might 


be misleading evidence in view of the unphysiologie conditions under which the 
pressures were taken. Once the arteritis had developed it must have led to 
further hypertension by aggravating resistance in the lung and, thus, a vicious 
circle was established. 


SUMMARY 


In a child with a high ventricular septal defect and marked pulmonary 
hypertension, the defect was closed by means of a perforated Ivalon sponge. 
The first postoperative week was uneventful, but then a widespread fatal arteritis 
developed in the lungs. An attempt is made to explain this complication on a 
physiologic basis. 
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JUNCTION BOX FOR VIEWING DIFFERENT LEADS ON TWO 
CARDIOGRAPHS OR CARDIOSCOPES DURING SURGERY 


Sanford Cobb, M.D., and Joseph F. Mulligan, Miami, Fla. 


URING open-heart surgery at this center (pump-oxygenator or hypothermia), 

the cardiologist frequently has wished to view an electrocardiographic lead 
on his oscilloscope different from the lead preferred by the anesthesiologist on 
the latter’s oscillograph. Heretofore the only equitable solution to this problem 
was to attach double sets of leads to the patient, as running one cardiac monitor 
from the pre-amplifier of another necessitates. viewing the same lead simul- 
taneously on both instruments. Double leads are unsatisfactory in that too 
many wires adorn the patient, and—in the ease of needle electrodes—eight 
rather than four punctures are required. 

A small junetion box has been constructed to permit simultaneous record- 
ing or observation of two different electrocardiographie lead patterns on two 
(same or) different types of apparatus, recording and/or monitoring, while 
only one set of leads is attached to the patient. Parts are few and of standard 
variety obtainable anywhere. The principle is division of each extremity lead 
into two within the box, while maintaining continuity of isolated shielding 
through and within the box. Standard phone plugs and jacks are used as 
quick connectors on both input and output sides. 

The box itself is made of 14 inch plywood; a metal box might permit water 
to condense inside, with consequent voltage drop across components within the 
box. Input connections may have any type of patient terminal, needle or plate, 
as the shielding of the cable is dead-ended at the terminal. Needle electrodes 
modified by the authors from the design of Brehm' are used at this hospital 
(Figs. 3 and 4). 

Output connections from the junction box to whatever monitors one wishes 
to use, whether cathode-ray oscilloscopes or direct-writing oscillographs, are 
easily made by affixing phone plugs to the lead wires provided with any monitor 
in place of the terminals ordinarily provided, as shown in Fig. 5 where a Grass 
Polygraph* and a Sanborn electrocardiographt are the two monitors to be used. 


From the University of Miami School of Medicine and the Jackson Memorial Hospital, 
Miami, Fla. 


Received for publication Aug. 10, 1959. 
*Model 5 Polygraph, Grass Instrument Co., 101 Old Colony Ave., Quincy, Mass. 
tModel 51 Viso-Cardiette, Sanborn Co., Waltham, Mass. 
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Fig. 1—Input (A) and output (B) sides of the junction box. 
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Fig. 2.—Diagram of each patient lead splitting into two within junction box, with preservation 
of shielding. 
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Leads from extremities of patient to input side of junction box. Leg leads are 9 feet 


Fig. 3. 
long, arm leads 6 feet. 


SHIELDED CABLE 


FRAZIER CONNECTOR ee 


LUER-LOK 
FITS INSIDE 
NICELY 


Fig. 4.—Detail of needle electrode Luer connector, modified from design of Brehm.1 


GRASS MANIFOLD 
SANBORN PHONE PLUGS : 


A 


Fig. 5.—A, Standard Sanborn electrocardiographic patient cable, retaining usual San- 
born 5-pin male plug, but with Sanborn lead terminals replaced by phone plugs. 

B, Connections to Grass Polygraph, showing phone tips for insertion into Grass pin jack 
manifold, and phone plugs for connection to junction box. 
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If the two monitoring devices have their chassis connected to ground, each 
will record without interference from the other, and the choice of lead shown 
on or written by each machine is completely free for the operator of each. 
Changing leads on one monitor causes only a momentary deflection in the oscillo- 
scope trace or written record of the other. In the operating room, the junction 
box may conveniently be secured with adhesive tape on or near the head of the 
operating table. 


SPECIFICATIONS 


Junction Box 
Phone plugs I.C.A. No. 27, shielded, long or short 
Phone jacks I.C.A. single open cireuit No. 1870 
Shielded cable Sanborn Co., Waltham, Mass.: Part No. 
2160-A 


Other Apparatus 

Frazier connector Codman & Shurtleff Co., Boston, Mass.; 
connector for combined suction and 
coagulation in electrosurgery 

Phone tips Standard solderless pin plugs 

Sanborn input cable Sanborn Part No. 651-99 

Luer connectors (from broken syringes), Beeton, Dickin- 
son & Co., Rutherford, N. J: 


REFERENCE 


. Brehm, W. F.: Needle Adaptors for ECG Monitoring Machines, ‘‘Current Comment’’ 
Section, Anesthesiology 19: 806, 1958. 





DISSECTING HEMATOMAS OF INTRAPULMONARY ARTERIES 
IN A CASE OF PULMONARY HYPERTENSION ASSOCIATED 
WITH PATENT DUCTUS ARTERIOSUS 


H. T. Ravines, M.D.,* Kansas City, Kans. 


hein dissecting hematomas of the large intrapulmonary branches of the 
pulmonary arteries developed following transection of a patent ductus 
arteriosus in a patient with severe pulmonary hypertension. No similar lesion 
has been revealed in a survey of the literature. 

The structural changes of pulmonary vessels in pulmonary hypertension 
have been studied. Steinberg! deseribed pulmonary arteriosclerosis in 83 per 
cent of 35 cases of mitral stenosis. Brenner? concluded that the average degree 
of sclerosis of pulmonary vessels was greater in the group of patients with 
pulmonary disease and hypertension than in the group with disease of unknown 
etiology. Pulmonary vascular sclerosis has also been observed in congenital 
cardiae abnormalities associated with pulmonary hypertension. More recently 
Heath and Whitaker,*}* by recording pulmonary artery blood pressure by 
cardiae catheterization, have been able to correlate the arteriosclerotic changes 
in the pulmonary vessels with the degree of pulmonary hypertension. Studying 
patients with mitral stenosis, Goodale and co-workers* did not find a close re- 
lationship between the degree of pulmonary sclerotic changes and the degree of 
pulmonary hypertension. 

Dissecting aneurysms of the trunk of the pulmonary artery are extremely 
rare.» ®7 In each of the cases, the aneurysm involved only the trunk of the 
pulmonary artery and the dissecting aneurysm had burst into the pericardium. 
Durno and Brown’ reported a patent ductus arteriosus in a 33-year-old man 
with a tear of the intima at the bifurcation of the trunk of the pulmonary artery. 

In the ease to be deseribed it is suggested that pulmonary hypertension 
and severe atheromatous degeneration of the pulmonary vessels are predisposing 
factors of the dissecting hematomas. 


CASE REPORT 


A 36-year-old white housewife was referred to the University of Kansas Medical 
Center, 2 months before death, for evaluation of dizziness and polycythemia. Her past 


From the Department of Pathology and Oncology, University of Kansas Medical Center, 
Kansas City, Kans. 
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history revealed a diagnosis of heart disease of undetermined etiology since childhood. 
For many years she had noticed coldness and cyanosis of the hands when they were held 
above her head. Approximately one year before death the patient noticed the onset of 
“dizzy spells’ which progressively increased and caused her to faint occasionally. 

On admission, the patient was well developed and nourished but had cyanosis of the 
fingernail beds and oral mucosa. The arterial blood pressures were 110/80 mm. Hg. There 
was no clubbing of the fingers. 

The chest was clear to percussion and auscultation. There was a Grade 2, split second 
sound in the pulmonary area and at the apex. There was a Grade 2 diastolic blowing 
murmur along the left sternal border. No other murmurs were heard. The remainder of 
the examination was negative. The temperature of the patient was normal throughout 
her hospital stay, 

Hematocrit was 74.5 per cent; hemoglobin 15.6 Gm.; white blood cells 4,450. Serum 
electrolytes were: carbon dioxide, 27 mEq. per liter; sodium, 139 mEq. per liter; potassium, 
4.2 mEq. per liter. Roentgenograms of the chest showed a prominent pulmonary outflow 
tract, increase in the vascular markings of the lungs, and right heart hypertrophy. 
Electrocardiograms suggested right ventricular hypertrophy. 

Ear lobe oximetry at rest disclosed a saturation of 92 per cent and a decrease after 
exercise to 89.4 per cent. After 100 per cent oxygen inhalation for 3 minutes the patient’s 
oxygen saturation was 94.8 per cent. 

A right heart catheterization showed a patent ductus arteriosus. The catheter was 
passed through the aorticopulmonary communication into the descending aorta. There 
was a marked pulmonary hypertension equal to the descending aortie pressure. No fall in 
pulmonary artery pressure occurred after acetylcholine administration or 100 per cent 
oxygen inhalation. 

One week before death the patient underwent a thoracotomy. The patent ductus 
arteriosus measured 1.5 em. in external diameter and (0.7 em. in length. During the 
operation the right ventricular pressure was 90 mm. Hg while the systemie pressure was 
90/55. Temporary occlusion of the ductus for 10 minutes resulted in an immediate fall 
of the right ventricular pressure to 40 mm. Hg while that in the aorta was 80/50 mm. Hg. 
Upon release of the clamp, the right ventricular pressure returned to its previous level. 
Accordingly it was decided to transect the ductus. The patient recovered satisfactorily 
from the general anesthesia. 

During the immediate postoperative course, the right ventricular catheter which had 
been left in place revealed a steadily rising right ventricular pressure. The catheter was 
removed after 24 hours at which time right ventricular pressure was 150 mm. Hg. During 
all this time the systemic arterial blood pressure was 80/60 mm. Hg. The pulse rate in- 
creased progressively from 60 per minute on the day of surgery to 160 per minute on the 
day before death. Systolic arterial blood pressures ranged between 90 and 68 mm. Hg and 
diastolic 54 to 60 mm. Hg. Respiration varied from 20 to 24 per minute. 

During the postoperative course the hemoglobin was 13.3 Gm. per cent; hematocrit 
38 per cent, and the white blood count 22,000. The urine output varied from 175 e.c. on 
the day of surgery to 1,800 ¢.c. the day before death. Electrolytes were within normal 
limits. Roentgenograms of the chest showed the lungs to be expanded, and an increase 
in bronchovascular markings throughout both lungs as compared with the films taken be- 
fore operation. The third postoperative day, the patient became progressively dyspneic, 
coughed frequently, and expectorated moderate amounts of bloody mucus. 

On the following days she had several episodes of marked dyspnea, associated with 
severe chest pain, restlessness, and shock. She was placed in an oxygen tent, tourniquets 
applied, and aminophylline given. These measures produced some objective and subjective 
improvement but the patient continued to be markedly dyspneic and eventually died. Post- 
operative electrocardiograms showed sinus tachycardia, right bundle branch block, and first 
degree atrioventricular block. In the last electrocardiogram taken 2 hours before death 
there was complete atrioventricular dissociation, and a ventricular rate of approximately 
140 per minute. 
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Gross Findings.—At autopsy the body measured 1.54 meters in height and weighed 
54 kilograms. There was a 15 em. healing left thoracie incision at the level of the fifth 
intervostal space, The fifth rib was absent. 

The heart weighed 420 grams. The right ventricle and auricle were dilated and 
hypertrophied. The right ventricle ranged from 7 to 10 mm. in thickness. The left 
auricle and ventricle and the coronary arteries showed no abnormalities. The cusps of 
the pulmonary valve were normal. The pulmonary and aortic stumps of the transected 
ductus arteriosus were sutured. 

The intima of the trunk and main intrapulmonary branches of the pulmonary artery 
showed many elevated, irregular yellow patches measuring from 1 to 5 mm. in diameter. 
In the large branches the intima betwen the plaques was irregularly opaque. The athero- 
sclerosis was more marked in the main right and left intrapulmonary branches and to a 
lesser degree in the smaller branches. The plaques were more numerous and large at the 


points of arterial branching causing, at times, narrowing of the lumens. There was neither 


calcification nor ulceration of atheroma. 

Several large arteries of the right and left lung showed extensive dissection of their 
walls by recent hematomas. This resulted in varying degrees of narrowing of the lumens 
of the involved arteries. In general, the dissecting hematomas extended along the vessel 
and its branches. The points of intimal rupture were difficult to determine by gross in- 
spection. ’ 

The dissecting hematomas involved all of the main intrapulmonary branches of the 
right upper lobe, one of the main branches of the lower left lobe, and one main branch 
of the right lower lobe. The pulmonary parenchyma adjacent to the dissected arteries 
showed hyperemia. The pulmonary arteries of the right middle lobe and upper lobe of the 
left lung were not involved by hematomas. A few ante-mortem clots were found in a main 
arterial branch of the middle lobe and in a few small arteries of the upper and lower lobes 
of the left lung. There were two small hemorrhagic infarcts approximately 2 em, in 
diameter in the upper lobes of the lungs. 

Atelectasis was moderate in the left lower lobe, and slight in the right lower lobe 
of the lungs. There were also fibrinous adhesions between the left lung and the parietal 
pleura. 

The remaining organs did not show significant abnormalities. 


Histologic Studics—To study both large and small vessels, sections were taken from 
all lobes of the lungs, both from near the hilus and from the periphery. The sections were 
stained with hematoxylin and eosin, Verhoeff-van Gieson, toluidine blue, oil red 0, and 
Masson connective tissue stains. Sections from the heart and abdominal organs were 
stained with hematoxylin and eosin and Verhoeff-van Gieson stains to study the systemic 
vessels elsewhere in the body. 

The findings in various sections from the elastic pulmonary arteries (diameter 
greater than 1,000 ~) were similar. There was a marked, irregular intimal thickening of 
part or of the entire circumference of many arteries. The thickened intima was made 
up of dense hyaline fibrous tissue. Some patches consisted of a loose fibrillar connective 
tissue with few ovoid and spindle-shaped cells. Varying amounts of fat were present in 
most of the patches. Beneath some of the larger atheromatous plaques the media was 
thinned; elsewhere the media was thickened and showed an irregular increase of connective 
tissue. In numerous places the media showed irregular foci of faintly blue metachromatic 
material, and still in other places small cysts, some of which were confluent. The elastic 
tissue was in general absent or fragmented in the patches of atheroma. No infiltration of 
inflammatory cells was seen in any of the arteries examined. The adventitia showed no 
abnormalities. 

The small muscular pulmonary arteries showed marked thickening of the intima 
with narrowing’ of the lumen. The thickened intima consisted of dense hyaline connective 
tissue with few spindle cells. Fat was absent in the sections examined. 
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Fig. 1—Pulmonary arteriole occluded by recanalized thrombus. (Verhoeff-van Gieson stain; 





Fig. 2.—Artery showing a large intimal tear (arrow) through which the blood has dis- 
sected between the media and adventitia. Right lower corner shows extension of the dissection 
into the adjacent branch. (Hematoxylin and eosin stains; x 36.) 
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Fig. 3.—Endothelized dissecting channel; note that the new vascular bed has dissected the 


media. (Verhoeff-van Gieson stain; x 22.) 


Fig. 4.—Partial organization and vascularization of a clot located between the outer portion of 
the media and the adventitia shown in Fig. 3. (Verhoeff-van Gieson stain; x 155.) 
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Many pulmonary arterioles showed irregular fibrous thickening of their wall and 
narrowing of their lumen. There was proliferation of fibrous tissue of the intima. The 
lumen of some aterioles was occluded by fibrous tissue which showed evidence of re- 
canalization (Fig. 1). 

Some of the dissected arteries revealed a break of the intima through which the 
blood dissected between the outermost layer and the inner parts of the media (Fig. 2). 
In some arteries the hemorrhage dissected the adventitia from the media. Another artery 
showed endothelization of the new vascular channel (Fig. 3); this artery and one of its 
branches also showed organization and recanalization of the dissecting clot (Fig. 4). 


DISCUSSION 


The clinical and histopathologic observations in the present case indicate 
a coincident severe pulmonary arterial hypertension and advanced pulmonary 
vascular damage. The hyperplastic sclerotic lesions found in many muscular 
arteries and arterioles were apparently the basis for the inereased pulmonary 
vascular resistance. A retrospective analysis of the postoperative course dis- 
closes an initial fall of pulmonary artery pressure upon occlusion of the ductus 
followed by a progressive increase of right ventricular pressure which reached 
its highest point 24 hours after surgery. This steady rising of pulmonary artery 
pressure suggests an increased pulmonary vascular resistance greater than the 
systemic resistance which resulted in pulmonary hypertension not corrected by 
the operative procedure. In these circumstances the transient fall of pulmonary 
pressure might be explained on the basis of sudden extra load of the right 
ventricle causing diminution of the right ventricular output. 


The failure of the pulmonary artery pressure to fall after administration 
of acetylcholine or breathing of 100 per cent oxygen makes unlikely the possibility 
of a transient decrease of pulmonary vascular resistance upon closure of the 
ductus. 


Regarding the dissecting hematomas, the anatomie evidence seems_adequate 
to substantiate that the multiple recent dissections were the result of extensive 
arteriosclerotic degeneration of the pulmonary arterial tree associated with a 
marked increase upon the pre-existent pulmonary hypertension. Numerous 
pulmonary arteries showed marked mucoid and eystie degeneration resembling 
Erdheim’s? medionecrosis, whereas the aorta did not show such abnormalities. 
These findings suggest that pulmonary hypertrophy might have played a role 
and that medionecrosis of pulmonary artery was one of the predisposing factors 
in the aneurysm. Rottino’® found in his studies a higher incidence of medial 
degeneration of the aorta in the hypertensive group than in the group without 
organic heart disease or arterial hypertension. The finding of an old endothelized 
channel (Fig. 3) and of a partially organized recanalized clot (Fig. 4) suggests 
previous dissections. The vascular lesions were not similar to either healed or 
acute arteritis. 


SUMMARY 


Multiple dissecting hematomas of intrapulmonary elastic arteries developed 
in a patient with pulmonary hypertension following closure of ductus arteriosus. 





766 RAVINES J. Thoracic and 
Cardiovas. Surg 


Extensive pulmonary arteriosclerosis associated with severe pulmonary hyper- 


tension is considered to be the main pathogenie factor. 
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ARTERIOVENOUS FISTULA OF THE LEFT INTERNAL 
MAMMARY VESSELS SIMULATING A PATENT 
DUCTUS ARTERIOSUS 






Robert H. Holland, M.D., Dallas, Texas 










Fyne FISTULAS of the thoracie wall are rare. Even more unusual 
are fistulas involving the internal mammary artery, only 2 cases of whieh 
were reported from the vast array of injuries sustained in World War II. 
Shumacker and Carter’ reported 1 case and the second was recorded by Walter 
Reed Army Hospital.? Both of these fistulas involved the right internal mam- 
mary artery and innominate vein. A third ease, which followed radical mastee- 
: tomy, was reported by Glen and Steinberg.* This was an anteriovenous 
E | aneurysm involving the right internal mammary artery and vein. 

The lesions reported above were not confused with patent ductus arteriosus. 
Ilowever, Maier and Stout‘ reported a case of an arteriovenous fistula of the 
left acromiothoracie and lateral thoracic arteries and the adjoining veins which 
did simulate this condition. Their preoperative diagnosis was simplified when 
a mass developed in the left subpectoral area. 

In the case we are about to present neither of these happy circumstances 
existed, that is, a history of a penetrating injury or the presence of a mass. It 
was our firm conviction that the patient had a patent ductus arteriosus and 
little thought of an arteriovenous fistula was entertained until the left thoracic 
cavity was opened. 





















CASE REPORT 








The patient was a 35-year-old white male telephone lineman who was told in 1955, 
following a routine physical examination, that he had a heart murmur. This was found 
on all subsequent physical examinations, and one doctor, who had examined him several 
times, thought that the murmur was growing louder. He had some shortness of breath 
on exertion and during the previous several months had noticed that he could not keep 
up with his co-workers in doing heavy work. His main purpose in entering the hospital, 
however, was for investigation of left temporal and frontal headaches which he also 
% had had for the previous 6 or 7 years. In 1944, the patient had had a left mastoidectomy, 
and in 1958 an operation on the left shoulder for removal of some calcium. He had had 
a rather severe injury to his left chest in 1951 when he fell from a telephone pole. 

On physical examination, the patient was a well-developed, well-nourished white 
man in no apparent distress. He had a sear over the left mastoid area and a sear over 
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the left shoulder. There was a machinery-like murmur over the left second parasternal 
interspace which was confined to an area about 2 inches in diameter. There were no 
other abnormal physical findings. 

The routine laboratory studies were all normal and pulmonary function studies 
were better than predicted. While in the hospital he was seen by members of the Ear- 
Nose-Throat, Eye, and Neurological Departments, none of whom could ascertain the 
source of the headaches. The members of the medical department thought that he might 
have an aneurysm of one of the cerebral vessels but this was never confirmed. A right 
heart and left pulmonary artery catheterization was performed and found to be normal. 


a) 


Int. Mammary Artery 


Fistula 


Fig. 1.—The arteriovenous fistula of the left internal mammary vessels as viewed from behind. 


Since no obvious cause for the headaches could be determined, correction of the 
patent ductus arteriosus was considered to be in order. Accordingly, on April 27, 1959, 
the patient was operated upon through a left posterolateral thoracotomy incision. It soon 
became evident that there was an aneurysm involving the left internal mammary artery 
and vein and that a patent ductus arteriosus did not exist. Fig. 1 illustrates the anatomy 
as found at the time of surgery. It was thought that the procedure of choice, as recom- 
mended by Holman,5 was ligation of the artery and vein proximally and distally and 
excision of the entire fistula. This was performed without any difficulty. No thrill was 


felt in the area of the ligamentum arteriosum. However, it was also isolated, ligated, 
and divided. 


The patient developed a pericardial friction rub following surgery but this faded 
in about 5 days. The murmur disappeared and he was discharged from the hospital on 
the eleventh postoperative day. 
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DISCUSSION 


In retrospect it seems unlikely that this murmur, which was rather loud 
but confined to a small area, could have been missed in the many examinations 
this man had prior to and after induction into the service during World War 
II. The additional history of injury to the left chest with the advent of the 
murmur several years later suggests a traumatic rather than congenital etiology 
of the fistula. : 

The patient has not had a headache since surgery which must be accepted 
as a pleasant but fortuitous sequela. 

As an oddity the case is interesting, and with the increasing number of 
crush injuries to the anterior chest due to automobile accidents, similar 
phenomena may be observed more frequently in the future. 
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INNOMINATE ARTERIOVENOUS FISTULA 


A Report of One Case and Review of the Literature 


Lloyd D. MacLean, M.D.,* and William F. Mazzitello, M.D., 
St. Paul, Minn. 


Femi FISTULA between the innominate vessels is exceedingly rare 
and presents some unique problems in diagnosis and treatment. There have 
been 7 cases of innominate arteriovenous fistula previously reported in an ex- 
tensive literature on the general subject which, originates with the recognition 
of this abnormality by William flunter in 1757.1. Major contributions to our 
understanding of the regional and systemic hemodynamics and reactions of the 
patient or animal to an arteriovenous fistula have been made by Holman,’ 
Reid,* Elkin,* and Lillehei.’ 

There follows a case report which details the diagnosis and treatment in the 
eighth reported case of innominate arteriovenous fistula. 


CASE REPORT 


F. T., A-72589, aged 26, was admitted to the Ancker Hospital on April 17, 1959, 30 
minutes after being shot in the left neck with a .32 caliber bullet. The bullet passed from 
the left cervical region to the region of the right axilla posteriorly. A right pneumothorax, 
mediastinal hematoma, contusion of the right lung, and fracture of the third rib on the right 
posteriorly were found on admission (Fig. 1). A thoracostomy tube was inserted after which 
the lung expanded. Serial measurements of cervical circumference over the first 48 hours 
following admission revealed an increase of only 2.5 em. This decreased gradually after 48 
hours. The patient was repeatedly examined for a thrill and bruit because of the likelihood 
of vascular injury with a missile which passed from one side of the body to the other across 
the superior mediastinum. A thrill and bruit were first detected on the ninth post-injury day. 
This was accompanied by an increase in pulse rate to 120 per minute from 80 to 90 prior to 
this. The patient complained for the first time of shortness of breath on walking to the 
bathroom. The murmur which was continuous was heard with maximal intensity over the 
right sternoclavicular joint and was transmitted into the right cervical region. The murmur 
could be heard over the entire precordium and into the epigastrium. Peripheral pulses were 
equal and no neurologic defect was elicited on examination. 

A diagnosis of arteriovenous fistula involving the innominate vessels was made. The 
following confirmatory procedures were done. (1) Cardiac catheterization, (2) venous and 
arterial angiograms, (3) venous pressures of both upper extremities, and (4) circulation 
times (arm-to-tongue) with injection into the antecubital vein of both arms. 
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Fig. 1—Chest roentgenogram of patient at time of admission which shows right mediastinal 
hematoma and pneumothorax. The bullet is seen in the right axilla. 


FT 
4-28-59 


Fig. 2.—Arterial angiogram which shows injection made via a catheter, the tip of which 
is placed in the innominate artery. <A collection of contrast material outside of the artery 
which did not move in the venous circulation is outlined by small arrows. This proved to 
be a false aneurysm at operation. The upper arrow is pointing to contrast material in the 


common carotid artery. 





MAC LEAN AND MAZZITELLO J. Thoracic and 
Cardiovas. Surg. 


The electrocardiogram was normal. 


Veno-cardiac catheterization revealed a large increase in oxygen saturation in the right 
innominate vein. An increase in pressure also occurred at this point (Table I). The arterial 
angiogram revealed a collection of dye outside of the innominate artery which in retrospect 
was in an associated false aneurysm between the innominate artery and right innominate 
vein (Fig. 2). An insufficient quantity of contrast material was injected to visualize the 
fistula in this area. Venous angiography likewise did not make the fistula visible. The 
venous pressures and circulation times (Table II) indicated involvement on the right side. 


Operation was performed on May 8, 1959 (3 weeks following injury), with the use of 
hypothermia. The patient was cooled to 90° F. The electroencephalogram of the patient 
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Fig. 3.—The false aneurysm and fistula as visualized at the operation. The right _in- 
nominate vein was closely adherent to the false aneurysm and both were resected. The 
innominate artery was controlled cephalad to the left innominate vein. The completed repair 
appears at right. 


TABLE I. DATA OBTAINED FROM VENO-CARDIAC CATHETERIZATION 








MEAN PRESSURE 0, SATURATION 
(MM. Hg) (PER CENT) 

Brachial vein ao 67 
Subclavian vein 16 74.0 
Right innominate vein 24 92.9 
Left innominate vein 6 63.2 
Superior vena cava 5 83.4 
Main pulmonary artery 20 63.21 
Femoral artery 93.44 
Right ventricle 15 _ 
Cardiac output = 10.31 L./min. 
Cardiac index = 5.34 
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TABLE LI. VENOUS PRESSURES AND CIRCULATION TIMES PRIOR TO SURGERY 











CIRCULATION TIME 
VENOUS PRESSURE (ARM-TO-TONGUE) 
DATE ARM (CM.) (SEC. ) 


April 27, 1959 Left : 14.0 
Right : 19.0 
May 4, 1959 Left ; 12.0 
Right : 20.0 














was monitored throughout the procedure. The incision extended from the suprasternal notch 
to the fourth intercostal space. The sternum was divided longitudinally over that distance 
and the incision was extended out into the fourth intercostal space on the right. The sternum 
was separated and adequate exposure resulted without resection of any portion of the clavicle. 
The thymus was resected and tapes were placed about the right and left innominate veins, 
and the innominate, carotid, and subclavian arteries. A thrill was easily palpable with 
maximal intensity in the right innominate vein. The innominate artery was separated from 
the right innominate vein by a false aneurysm (Fig. 3). The right innominate vein was 
intimately associated with the false aneurysm. Repair was accomplished by temporarily 
occluding the innominate artery proximal to the fistula and the carotid and subelavian 
arteries distal to the fistula. A lateral defect in the artery, 2.2 cm. in length, was repaired 
without narrowing the lumen. The false aneurysm, 4 cm. in diameter, was excised with the 
adherent right innominate vein. The innominate artery was occluded for a total of 9 minutes. 
The electroencephalogram did not change during innominate, carotid, and subclavian artery 
occlusion. The patient has had normal carotid and radial and brachial pulses since surgery 
and no thrill or murmur has been detectable. He was discharged from the hospital on May 
21, 1959, the twelfth postoperative day, and has returned to work since that time as a dining 
car waiter. 


DISCUSSION 


The previous experience with innominate arteriovenous fistula is summarized 
in Table III. The first reported attempt at surgical repair was by Lexer in 
1934.° Sinee that time 6 additional cases have been reported.*** A loud, 
usually continuous, murmur was found in all patients. Definite cardia¢ failure 
had developed in 5 of the patients prior to treatment. An interval of over 1 year 
existed between injury and treatment in these patients. The arteriovenous 
fistula communicated between the innominate artery and the right innominate 
vein in 3, the left innominate vein in 3, and the junction of the right and left 
innominate veins in 2 patients. 

Surgical repair has been quite varied. Multiple ligation of the innominate, 
carotid, and subclavian arteries was performed on 3 patients. Closure of the 
fistula with repair of the artery has been done in 5, either by temporarily oe- 
cluding the proximal and distal vessels and directly repairing the artery or by 
transvenous suture after entering the involved vein or by transfixing ligatures 
through the involved vein using the palpable bruit as a guide. There have been 
2 deaths among the 8 cases reported. The first patient reported died of infection 
on the eighteenth postoperative day. The other death occurred 18 hours follow- 
ing surgery in a patient in severe heart failure with cardiac cirrhosis and 
ascites. The latter patient, reported from the Russian literature,’ was found 
to have a small persistent fistula at autopsy. The repair was attempted using 
transfixing ligatures through the involved vein. 
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Exposure of the region of the innominate artery has been achieved in three 
ways: median sternotomy with subperiosteal resection of the medial one third 
of the clavicle and extension into the third right intercostal space,’ bilateral 
thoracotomy either in the second or third intercostal space," and by median 
sternotomy with extension into the fourth intercostal space. We utilized the 
latter approach without resection of the medial portion of the clavicle and found 
the exposure adequate. The precise localization of an arteriovenous fistula in the 
region of the innominate artery is of importance when one is planning sugical 
repair. Techniques which would be quite safe for fistulas at the subclavian level 
would be quite dangerous if the aorta and superior vena cava were involved. 
Precise anatomic localization is most conveniently accomplished by venous 
catheterization and serial measurements of pressure and oxygen content of the 
blood as the catheter is advanced to and beyond the area of suspected fistula 
(Table I). This procedure can be done under fluoroscopy with provision to 
inject small quantities of contrast material. In this way, one ean be sure of the 
point of junction of right and left innominate veins and of the subclavian and 
jugular veins. We were able to pass the cardiac catheter from the right in- 
nominate to the left innominate vein at which location the oxygen saturation of 
the blood decreased to normal venous levels. A marked increase of oxygen 
saturation of the blood to 92.9 per cent and of pressure to 24 mm. Hg occurred 
in the mid-right innominate vein (Table I). Pressures and oxygen saturations 
decreased rapidly immediately proximal and distal to this point. 

Cardiac output was caleulated from oxygen uptake and arteriovenous oxy- 
gen difference between the main pulmonary artery and femoral artery with the 
patient at rest. This was markedly elevated to 10.31 L. per minute. The cardiac 
index was likewise twice normal, 5.34. The local pressure gradient between the 
proximal vein and artery of an arteriovenous fistula is large and results in a 


-blood flow into the venous bed adequate to account for the augmented cardiac 


output and cardiac index. 

Mild hypothermia was used in the patient here reported. The patient made 
a complete recovery with equal carotid and brachial pulses on both sides and 
has had no sequela attributable to the temporary ligation of the innominate artery 
for 9 minutes. While permanent ligation of the innominate artery has been 
done successfully this carries a considerable risk, as the review of Gordon- 
Taylor has indicated.? Furthermore, time alone will not ensure the develop- 
ment of adequate collaterals.1? The likelihood of cardiac faliure with innominate 
arteriovenous fistula appears great. Correction should be instituted prior to the 
development of failure since control of this form of high output decompensation 
may be resistant to therapy with digitalis.%° 


SUMMARY AND CONCLUSIONS 


The eighth case of innominate arteriovenous fistula is reported with a review 
of precise location, diagnostic features, method of treatment, and complications 
in the previously reported cases. Definite cardiac failure occurred in 5 of the 
8 patients prior to treatment. An interval of over 12 months between injury 
and treatment existed in all patients in cardiac failure. 
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The region of the innominate vessels can be conveniently exposed by « 
median sternotomy with extension into the fourth right intercostal space. Direc: 
suture repair of the innominate artery is recommended over other methods pre. 
viously described. - 


Venous catheterization with serial measurements of pressure and oxygen 
saturation of the blood proximal to and beyond the point of suspected fistula is 
the most convenient method readily available for precisely locating a fistula in 
this area. Arterial angiography is useful in giving additional information on 
the presence or absence of an associated false aneurysm. 
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ANOMALOUS ORIGIN OF THE CORONARY ARTERIES WITH 
SPECIAL REFERENCE TO SURGICAL TREATMENT 


George G. Rowe, M.D., and William P. Young, M.D., Madison, Wis. 


NOMALOUS ORIGIN of the coronary artery from the pulmonary artery has 

recently been reviewed" ? as has ligation of the anomalous vessel in order 

to improve the myocardial circulation.’ There is still discussion in some quarters, 

however, as to whether the circulation in these abnormal vessels truly passes 

from the myocardium into the pulmonary artery. Two recent cases may east 
some light on this question and therefore are reported. 


CASE REPORTS 


CasE 1.—R. E., a 7-year-old boy, was operated on for closure of an atrial septal defect. 
At the time of exposure of the anterior surface of the heart, the right coronary artery was 
found to arise from the pulmonary artery. As the advisability of ligature of this vessel was 
raised, epicardial electrocardiograms were taken, a ligature was passed about the vessel and 
the vessel was occluded transiently. During the time that the origin of the vessel from the 
pulmonary artery was obstructed it was observed that the vessel became distended and stood 
out on the surface of the myocardium as though it contained blood under increased pressure 
as compared to the state prior to its closure. On release of the ligature, the vessel de- 
creased in size, appearing as it had prior to manipulation. It was concluded that the 
-eirculation passed from the normal coronary vessels into the anomalous artery and drained 
into the pulmonary artery. Therefore, the anomalous vessel was ligated at its origin from 
the pulmonary artery. Repeated epicardial electrocardiographic tracings failed to reveal 
any evidence of ischemia in the region of distribution of the vessel in the myocardium, 
the atrial septal defect was then closed and the patient’s postoperative course has con- 
firmed the fact that no significant damage was done to the myocardium by ligature of 
the anomalous coronary artery. 


Case 2.—C. A., a 9-year-old boy, was operated on for closure of a ventricular septal 
defect. A rather large anomalous coronary artery was found arising from the pulmonary 
artery and passing down over the outflow tract of the right ventricle between the normal 
right and left coronary arteries (Fig. 1). The vessel appeared to be the coronary artery of 
the conus. It was dissected free from the myocardium near its origin from the pulmonary 
artery and a No. 22 needle was inserted into its lumen. The pressure in the anomalous 
coronary artery was approximately 32/18 mm. Hg, whereas the pressure in the pulmonary 
artery was about 32/14 mm. Hg. Both pressures were considerably below the pressure 
(114/70) in the internal mammary artery. When the ligature at the origin of the 
anomalous vessel from the pulmonary artery was tightened, the anomalous artery became 
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tense and distended, standing out from the surface of the myocardium, Simultaneously, 
the pressure inside of the vessel rose to 100/50 mm. Hg or into the same general pressure 
range as the systemic arterial pressure and remained at this level until the ligature was 
loosened. Compared with the pressure originally recorded, the pressure in the anomalous 
vessel immediately before its complete occlusion suggests that it was partially obstructed. 
The response to complete obstruction and release was dramatic (Fig. 2). With the 
ligature released, a 1 per cent solution of Evans blue dye was injected into the anomalous 
coronary artery, but no staining of the myocardium was observed, apparently because 
the dye was carried by the anomalous vessel into the pulmonary artery. With the liga- 
ture closing at the origin of the anomalous vessel from the pulmonary artery, Evans blue 


Fig. 1.—These two views show the anomalous origin of the coronary artery of the conus 
in Case 2. A shows the vessel as it arises from the enlarged pulmonary artery and B shows 
its course downward over the outflow tract of the right ventricle between the normally aris- 
ing left and right coronary arteries. 
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Fig. 2.—A, The pressure tracings from within the systemic artery and the anomalous 
coronary artery are shown during occlusion and release of the coronary artery at its origin 
from the pulmonary artery. B, The pressure tracings from within the pulmonary and the 
systemic artery. The sensitivity to pressure was the same on all scales throughout. It can 
be seen that the pulmonary artery pressure was lowest, the anomalous coronary artery slightl) 
higher and the systemic arterial pressure highest. During occlusion of the coronary artery 
pressure within its lumen rose toward the systemic arterial pressure level and fell again on 


its release. 
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dye was injected again into ihe anomalous coronary vessel. Under these circumstances 
the Evans blue dye stained the myocardium in the area of distribution of the vessel. 
Furthermore, dye could be seen to pass through anastomoses into the right coronary 
artery and downward toward the apex of the heart. When the ligature was released, the 
dye was seen to wash out from the stained area of the myocardium and the normal color 
of the heart returned. When the needle was withdrawn from the anomalous vessel, the 
blood which ran out through the perforation was bright red, in striking contrast to the 
normal very dark color of blood which has perfused the myocardium. It was concluded 
from this set of observations that the anomalous. vessel did not carry blood to the heart, 
but rather drained blood into the pulmonary artery, serving in some respects as an 
arteriovenous fistula; therefore, it was ligated. Observation of the myocardium in the 
peripheral distribution of this vessel revealed that it remained normal in color and con- 
tinued to contract forcibly, indicating that the myocardium was not damaged by its 
ligation. Closure of a ventricular septal defect was then performed, and the patient 
tolerated the procedure well. 


DISCUSSION 


There are several references to the thesis that a coronary artery arising 
from the pulmonary artery must constitute an arteriovenous fistula because 
ordinarily it is thin walled and has little pressure at its origin as com- 
pared with the pressure at its distal end, where it anastomoses with the arteries 
which arise from the aorta.” *°* Indeed, Brooks reached this conclusion by 
deduction from pure anatomic evidence in 1885.° It is only relatively recently, 
however, that surgeons have undertaken to ligate anomalous coronary arteries 
on the assumption that they deprive the myocardium of blood flow.* * These 
attempts have recently been reviewed in a report which presents 2 cases of 
anomalous origin of the left coronary artery and discusses 3 cases in which 
ligation of an anomalous left coronary artery was undertaken.* One of these 3 
cases was successful. 

It is believed that in the 2 cases reported here there is reasonably clear 
evidence that flow occurred from the myocardium through the anomalous 
coronary artery into the pulmonary artery. The fact that in each case the 
anomalous coronary artery became distended after ligation indicates that the 
vessel was filling from normally arising coronary vessels. After the ligature had 
been placed the anomalous vessel was unable to empty into the pulmonary artery 
as it had previously. This is corroborated by the fact that the direct epicardial 
electrocardiographic leads taken from the area into which the anomalous vessel 
was distributed in the first case failed to show any evidence of ischemia. In 
the second case, the evidence is even more clear in that (1) occlusion of the 
anomalous vessel at its origin from the pulmonary artery was associated with 
a rise in pressure in the vessel approaching the level of the systemic arterial 
pressure and (2) injection of Evans blue dye into the vessel failed to stain the 
myocardium in its area of distribution prior to occlusion but did produce im- 
mediate staining of the myocardium after the vessel had been occluded at its 
origin from the pulmonary artery. The fact that in both cases the heart 
tolerated ligation of the anomalous vessel well is further evidence that the 
blood supply to the myocardium in the peripheral distribution was not 
compromised by the occlusions. 
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It is realized that the patients just reported had rather small anomalous 
coronary arteries, and it is conceivable that the hemodynamic pattern might be 
different in those individuals in which a large left coronary artery arises from 
the pulmonary artery. However, from the eases reportéd to date it appears 
that the same principles apply.?. The relative lack of success obtained so far by 
ligation of the anomalous vessels* 7 may be due to the extensive myocardial 
damage produced by anomalous origin of the left coronary artery. The hemo- 
dynamie effect of myocardial infarction has been clarified by the observation of 
the adverse effect of paradoxical expansion of an infarcted segment of myo- 
cardium® and forms the basis for the suggestion that not only should the 
anomalous vessel be ligated but that the ventricular aneurysm be resected as 
well.*’ 


SUMMARY 


1. Two cases of anomalous origin of a coronary artery from the pulmonary 
artery are presented. 

2. In the first case the anomalous origin’ was the right coronary artery, 
whereas in the second it was the conus artery. Both were discovered fortui- 
tously in the course of operation for another cardiac defect. 

3. Evidence is presented that in these cases the blood flow passed from the 
myocardium through the anomalous coronary artery into the pulmonary artery 
and that they therefore constituted an arteriovenous fistula rather than an 
accessory source of blood supply to the myocardium. 

4. In both cases the anomalous coronary vessel was ligated and its ligation 
was well tolerated. 
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RENAL AND PORTAL BLOOD FLOW UNDER NORMOTHERMIC 
AND HYPOTHERMIC CONDITIONS DURING 
EXTRACORPOREAL CIRCULATION 


]. Jontz, M.D., G. Bounous, M.D., I. Heimburger, M.D., C. S. Su, M.D., 
S. Teramoto, M.D., H. B. Shumacker, ]v., M.D., and 
M. Onnis, M.D., Indianapolis, Ind. 


‘a eardiopulmonary bypass with extracorporeal circulation is being used 
with increasing frequency in the open correction of cardiac abnormalities. 
Most of those who employ this method attempt to maintain normal body tem- 
perature. An increasing number, however, are combining moderate hypo- 
thermia with extracorporeal circulation because of certain potential advantages 
of this combination.’* 

Little is known about the distribution of blood flow during extracorporeal 
circulation. It was the purpose of this study to determine the flow of blood 
through the kidneys and portal system during total body perfusion with 
extracorporeal circulation. 


MATERIALS AND METHODS 


Adult mongrel dogs ranging in weight from 14 to 20 kilograms were used. 
They were anesthetized by the intravenous injection of a 5 per cent solution 
of thiopental sodium. An endotracheal tube was inserted and oxygen was 
administered by means of a mechanical respirator. Mid-esophageal tempera- 
tures were recorded throughout all experiments by means of a telethermom- 
eter. The mean systemic blood pressure was monitored by means of a plastic 
catheter placed in a femoral artery and connected with a U-tube mereury 
manometer. Cardiopulmonary bypass was accomplished by withdrawing the 
total vena caval return through catheters by gravity drainage into a bubble 
oxygenator. The oxygenated blood was returned by means of an occlusive 
Sigmamotor pump into a femoral artery. Each animal was heparinized by 
the intravenous injection of heparin, 1.5 mg. per kilogram. The extra- 
corporeal circuit was primed with fresh heparinized blood. Flow rates were 
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determined before the bypass was begun by measuring the volume delivered 
per unit of time. In those animals rendered hypothermic, the body tempera- 
ture was controlled by means of a heat exchanger and was kept as near 30° 
C. as possible. Renal and portal flows were measured every 2 minutes during 
the 30-minute period of study. 

Control data concerning cardiae output in normal anesthetized dogs with 
the chest open were obtained from another study carried out in this labora- 
tory.* Similarly, control observations relating to renal and portal blood flows 
under normothermic and hypothermic conditions were obtained in this labora- 
tory by other studies carried out concurrently.* ° 

The method for measuring renal blood flow has been previously de- 
seribed.? It permits unimpeded drainage of the total renal venous return 
by gravity into a graduated burette. The blood is returned by pump into 
a jugular vein. There is no interference with flow of blood from the infra- 
renal vena cava into the suprarenal portion of the inferior vena cava. The 
speed of the pump is so regulated as to return blood into the jugular vein at 
the same rate as it is being drained from the kidneys. The flow rate is caleu- 
lated by momentarily stopping the pump and recording the interval of time 
necessary for the collection of a unit volume of blood. 

Portal venous flow was also determined by a method developed in this 
laboratory and described elsewhere.® This method entails division of the main 
extrahepatic portal vein. Each end of the vein is cannulated with a large- 
bore plastic catheter. The portal flow is allowed to collect by gravity drain- 
age into a graduated burette and is then returned into the proximal portal 
vein by a pump which is regulated so that the blood is returned at the same 
rate as it is being delivered from the distal portal vein. The flow rate is caleu- 
lated by momentarily stopping the pump and recording the interval of time 
necessary for collection of a unit volume of blood. 

Renal blood flow was measured during total cardiopulmonary bypass in 
20 dogs, the temperature of which was maintained at near normal levels. Five 
animals were perfused at the rate of 40, 5 at the rate of 60, 5 at the rate of 
80, and 5 at the rate of 100 ¢.c. per kilogram per minute. In 15 additional 
animals, similar studies were carried out at a body temperature of approxi- 
mately 30° C. Five were perfused at the rate of 40, 5 at 60, and 5 at 80 c.e. 
per kilogram per minute. 

Portal flow was similarly measured during total cardiopulmonary bypass 
in 15 normothermic dogs. Five animals were perfused at the rate of 40, 5 at 
60, and 5 at 80 ¢.e. per kilogram per minute. In 15 additional animals, similar 
studies were made in moderately hypothermic dogs. Five were perfused at 
40, 5 at 60, and 5 at 80 ¢.c. per kilogram per minute. 


RESULTS 


The data concerning renal blood flow are recorded in Table I. Attention 
should be ealled to the fact that the control data concerning renal blood flow, 
and the same is true concerning portal blood flow, were obtained in animals 
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rendered hypothermic by immersion of the body in ice and water rather than 
by extracorporeal cooling of the blood. It is felt that the comparison of data 
is interesting and informative in spite of the different methods utilized for 
body cooling. Other studies carried out in this laboratory indicate that the 
chief difference between the two methods concerns a lag in the fall of deep 
muscle temperature when an animal is made hypothermic rapidly by chilling 
the blood extracorporeally. The drop in temperature of such deep organs, as 
the liver, is, however, comparable with the two methods. 


STUDIES OF RENAL BLoopD FLOW 





TABLE I. 




















AVER- 
CARDIAC OUT- AGE | 
PUT OR TOTAL BLOOD | 
BODY PER- | AVERAGE | PRES-| RENAL BLOOD | per cENT| PER CENT 
No. FUSION ESO- | SURE FLOW or | oF 
OF (c.c./K@./ | PHAGEAL| (MM. |(C-C./KG./MIN.) | carpIAc | NORMAL 
DOGS MIN.) Temp. | Hg) | RANGE |MEAN| OUTPUT | FLOW 
Normothermic Animals 
Controls 42 126 36.5 130 18.2-35.0 24.5 19.4 100.0 
Extracorporeal 5 40 36.7 65 2.7- 7.5 5.7 14.3 23.3 
circulation 5 60 37.2 94 §8.8-15.2 11.6 19.3 47.3 
5 80 36.3 122 11.7-22.7 17.4 21.8 71.0 
5 100 36.5 114 19.2-27.1 22.5 22.5 91.8 





Hypothermic Animals 


Controls 10 64.7 30.0 100 =7.6-17.2 12.9 19.9 100.0 
Extracorporeal 5 40 29.6 91 3.5-12.0 6.5 16.0 50.4 
circulation 5 60 29.5 117. —s_ 7.0-14.0 10.1 17.0 78.3 

5 29.8 128 11.7-17.6 14.4 18.0 111.6 











It will be noted that the mean systemic blood pressure and the average 
renal blood flow increased as the total perfusion flow was increased. The 

_only exception noted was the mean blood pressure in animals perfused at a 
rate of 100 ¢.c. per kilogram per minute. In these animals the mean blood 
pressure was actually slightly less than in those perfused at 80 ¢.c. per kilo- 
gram per minute. At this high flow rate we had difficulty in preventing some 
retention of blood in the animal and for this reason this flow rate was not 
utilized in other phases of this study. It will be noted that the average renal 
flow increased stepwise as the flow rate was increased. It was approximately 
normal with a flow rate of 100 ¢.c. in normothermic animals. When the renal 
flow is considered as per cent of total body perfusion, it is evident that this 
value was only slightly below normal with a perfusion rate of 40 ¢.c. and was 
equal to or slightly above the control value with the higher flow rates. When 
considered as per cent of normal renal blood flow, it becomes apparent that 
at 40 ¢.c. per kilogram per minute the renal flow was only 23.3 per cent of 
normal. This increased at 60 ¢.c. to 47.3 per cent, at 80 ¢.c. to 71 per cent, 
and at 100 ¢.c. to 91.8 per cent. 

In the hypothermic animals there was also a linear relationship between 
the total body perfusion on the one hand and blood pressure and renal blood 
flow on the other. As the flow rate was increased, the blood pressure was 

elevated and the renal blood flow rose. The renal blood flow was about half 
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normal at a flow rate of 40 ¢.c. per kilogram and was slightly greater than the 
control value at a flow rate of 80 ¢.c. When renal flow is considered as per 
cent of total body perfusion, it is evident that the per cent was only slightly 
less at the three different flow rates than in the control animals. When viewed 
as per cent of normal renal blood flow it was approximately half the control 
value with a flow rate of 40 ¢.c. per kilogram per minute, in contrast to about 
23 per cent in the normothermic animals. At a perfusion rate of 60 c¢.c., the 
value was 78.3 per cent, in contrast to 47.3 per cent in the normothermic ani- 
mals. The per cent was greater than the control with a flow rate of 80 c.c. 
per kilogram per minute. 

Similarly, in both normothermic and hypothermic animals, the mean 
systemic blood pressure and the average portal flow increased stepwise as the 
perfusion rate was increased (Table IL). The values of blood pressure and 
of portal flow exceeded the control in normothermic and hypothermic animals 
at a flow rate of 80 ¢.c. per kilogram per minute. When portal flow is con- 
sidered as per cent of total body perfusion it is evident that at each of the 
three different flow rates under normothermic conditions the percentage of 
portal flow exceeded that of the control. In the hypothermic animals the 
portal flow was a somewhat smaller per cent of the total at flow rates of 40 
and 60 ¢.c. per kilogram per minute and was approximately normal at a per- 
fusion rate of 80 ¢c.c. When the portal venous flow is considered as per cent 
of the normal control values, we find that in normothermic animals at a flow 


rate of 40 ¢.c. the portal flow was about one third, at 60 ¢.c. approximately 
one half, and at 80 ¢.c. a little more than the normal. In hypothermic animals 
at a flow rate of 40 ¢.c., the portal flow was 42.6 per cent of the normal, at 60 
e.c. a little more than three quarters of the normal, and at 80 ¢.c. 125 per cent 
of normal. 


TABLE II. STUDIES OF PoRTAL BLOOD FLOW 








AVER- 
CARDIAC OUT- | AGE 
PUT OR TOTAL | BLOOD | 
BODY PER- | AVERAGE | PRES-| RENAL BLOOD | pgr cENT| PER CENT 
NO. FUSION ESO- SURE FLOW OF OF 
OF (c.c./KG./ | PHAGEAL | (MM. | (C-C./KG./MIN.) | garprac | NORMAL 


DOGS | MIN.) TEMP. | Hg) | RANGE |MEAN| OUTPUT | FLOW 
Normothermic Animals 


Controls 
Extracorporeal 
circulation 








w) 


121 .2-45.9 30.1 23.2 100.0 

75 . ae 27.3 36.0 
112 »7-20.2 15.6 26.0 52.0 
154 ; 6 33.0 41.3 110.0 


anno 


Hypothermic Animals 
Controls 
Extracorporeal 

circulation 


28.7 108 8-31. ; 36.5 100.0 
29.9 102 ; J : 23.0 42.6 
29.8 111 2-22, , 27.8 77.3 
30.1 127 1-34, ‘ 33.8 125.0 


anno 





Data concerning combined renal and portal blood flows are tabulated in 
Table III. Regardless of whether the animal was normothermic or hypo- 
thermic, both the renal and portal flows tended to be approximately the same 
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at any given flow rate. The combined renal and portal flows in both groups, 
for example, were approximately 16 ¢.c. per kilogram per minute at a flow 
rate of 40 ¢.c. and approximately 27 ¢.c. at a flow rate of 60. The mean com- 
bined flow was 50.4 ¢.c. in the normothermic and 41.4 ¢.c. in the hypothermic 
group at a perfusion rate of 80 ¢.c. Combined renal and portal flows at the 
three different rates under normothermic conditions represented the same 
or a greater per cent of the total body perfusion than was true in control 
animals. In the hypothermic group, the combined values for renal and portal 
flow were slightly less than the control at flow rates of 40 and 60 c¢.c. per 
kilogram per minute and represented approximately the same per cent of the 
total body perfusion when a flow rate of 80 ¢.c. was used. When expressed 
as per cent of normal, the combined renal and portal blood flows increased 
in both groups as the perfusion rate was increased. In the normothermic 
animals they were 92.3 per cent of the normal at a flow rate of 80, while in 
the hypothermic group they were 120 per cent of the control at the same per- 
fusion rate. 


TABLE III. COMBINED RENAL AND PorRTAL BLOoD FLOW 








CARDIAC OUTPUT | COMBINED RENAL | | 
NO. | OR TOTAL BODY AND PORTAL PER CENT OF | PER CENT OF 
OF PERFUSION FLOW CARDIAC NORMAL 
| DOGS | (C.C./KG./MIN. ) 


(C.C./KG./MIN.) OUTPUT FLOW 





Normothermic Animals 
Controls 2 54.6 42.7 100.0 
Extracorporeal 16.6 41.5 30.4 
circulation 27.2 45.3 49.8 
50.4 63.0 92.3 


Hypothermic Animals 
Jontrols 34.5 50. 100.0 
Extracorporeal 40 15.7 39.¢ ~ 46.0 
circulation 60 26.8 - 77.7 
80 41.4 : 120.0 





Our studies showed, in general, a rather linear relationship between the 
volume rate of total body perfusion, on the one hand, and the mean systemic 
arterial blood pressure and mean renal blood flow, on the other. It is inter- 
esting that the mean renal blood flow and the mean portal blood flow in eubie 
centimeters per kilogram per minute were almost precisely the same in normo- 
thermic animals and in hypothermic animals at any given flow rate. Since 
the renal blood flow in normal control dogs, rendered moderately hypothermie, 
is only approximately one half that of normothermic animals and, since portal 
flow of hypothermic normal dogs is only approximately two thirds that of 
the normothermic animal, both renal and portal flows at any given flow rate 
represented a larger per cent of normal control values in the hypothermic 
animals. A great reduction in total basic metabolic requirements is known 
to be achieved by rendering an animal moderately hypothermic. These studies 
would, therefore, lead one to believe that, at any given rate of total body 
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perfusion, the kidneys, splanchnic area, and liver are better supplied with 
blood with respect to metabolic needs in the hypothermic than in the normo- 
thermic state. 

Creech and his associates’ have studied cerebral blood flow during extra- 
corporeal circulation and they also observed a linear relationship between 
cerebral blood flow and systemic blood pressure. They noted this relationship 
regardless of the perfusion rate. ° These observations were further borne out 
by the magnetic rotometer measurements of cerebral blood flow carried out 
by Halley and his colleagues.? They felt that although there was a good rela- 
tionship between cerebral blood flow and systemic pressure the perfusion rate 
itself was an unreliable index of cerebral blood flow. In our own studies of 
portal and renal flow, we noted a rather good linear relationship between the 
volume rate of total perfusion, on the one hand, and both systemic arterial 
pressure and renal and portal blood flow, on the other. 

Morris and his co-workers’? and Beall and his colleagues! have studied 
renal blood flow by indirect methods during extracorporeal circulation in pa- 
tients. Some of these studies pertain to total-body perfusion and some to a 
measured bypass of arterialized blood into the distal arterial tree during 
thoracic aortic cross-clamping. In general they were dealing with lower 
flow rates than were used in our experimental studies. It is interesting, how- 
ever, that they observed that with perfusion rates of 35 ¢.c. per kilogram per 
minute the values for renal blood flow were estimated to be 23 per cent of the 
control. In our studies in normothermic dogs we obtained similar results. 
With a perfusion rate of 40 ¢.c. per kilogram per minute the renal blood flow 
was calculated to be approximately 23 per cent of the control value. 

Our studies are perhaps slightly at variance with those recently reported 
by Reemtsma and his associates.'2 They observed some reduction below normal 
in the renal blood flow of normothermic dogs during extracorporeal circulation 
both at flow rates above and below 50 cc. per kilogram per minute. They also, 
however, reported that under these circumstances the mesenteric flow was in- 
creased above normal values. In contrast, we found that the portal flow 
was less than normal both in normothermic and hypothermic animals at 
flow rates 40 and 60 ¢.c. Our observations were in agreement with theirs in that 
at a flow rate of 80 ¢.c. the portal flow was above normal. This was true both 
in normothermic and hypothermic animals. 

The paucity of postoperative difficulties which might be attributable 
either to hepatic, splanchnic, or renal damage during clinical cardiopulmonary 
bypass with extracorporeal circulation would indicate that these organs are 
ordinarily adequately protected during the period of extracorporeal circula- 
tion. It is not known how drastically the normal circulation to these organs 
can be decreased during a relatively brief interval without consequent damage 
to them. We do know from other studies that the kidneys are protected 
adequately by a flow of 7 ¢.c. per kilogram per minute for a period of 214 
hours.’ This represents a flow which is approximately one third of normal. 
One might assume that for shorter periods and under hypothermic conditions 
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a lesser percentage of normal circulation would suffice. Nevertheless, it would 
be wise to err in the other direction. Under any circumstances our experi- 
mental observations seem to indicate clearly that lower flow rates under hypo- 
thermia are comparable to higher flow rates under normothermic conditions 
with regard to per cent of normal renal and portal blood flow. 


SUMMARY 


Renal and portal blood flows have been measured during cardiopulmo- 
nary bypass with extracorporeal circulation. In both normothermic and 
hypothermic animals a linear relationship is observed between blood pressure 
and renal and portal flow on the one hand and the volume rate of total body 
perfusion on the other. Renal blood flow and portal blood flow are approxi- 
mately the same at any give perfusion rate in both hypothermic and normo- 
thermic animals. At any given perfusion rate both renal and portal blood 
flow represent a higher percentage of normal control values in hypothermic 
animals than in those which are normothermic. 
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PULMONARY FUNCTION IN THE IMMEDIATE 
POSTOPERATIVE PERIOD 


Observations of Vital Capacity, Timed Vital Capacity, and Maximum 
Expiratory Flow Rates in Two Groups of Thoracotomy Patients and 
a Group of Nonthoracotomy Patients for Seven Postoperative Days 


T. C. Smith, M.D., F. D. Cook, M.D.,* T. ]. DeKornfeld, M.D.,** 
and K. L. Siebecker, M.D.,* Madison, Wis. 


N RECENT YEARS, physiologists have made great strides in understanding mech- 
| anisms and limitations of the normal lung. Their techniques have been ap- 
plied to pathologie states with resulting improvement in rational diagnosis and 
therapy. Most studies in patients following pulmonary resection, however, have 
been concerned with the long-range results of such therapy. There have been 
relatively few studies of the immediate results of such surgery, except in the 
first few postoperative hours or first postoperative day. 

This report is part of a program of investigation of the day-to-day changes 
in pulmonary physiology following thoracic surgery. Using the ear oximeter, 
Siebecker, Sadler, and Mendenhall’ showed that there was significant postopera- 
tive oxyhemoglobin desaturation in patients who had undergone thoracotomy 
which lasted up to 8 to 10 days. The most marked desaturation was on the 
second and third postoperative days. Smith and Siebecker? subsequently dem- 
onstrated that segmentectomy, lobectomy, and other thoracic procedures were 
all attended with desaturation, with a tendency to more severe impairment after 
the more severe procedures. Their results indicated that decrease in diffusing 
capacity for oxygen and diffuse subclinical atelectasis were not likely mech- 
anisms of the observed desaturation. Mastio and Allbritten? and Hood and 
Beall* have demonstrated alveolar hypoventilation with resulting respiratory 
acidosis in the recovery room and through the first post-thoracotomy day. This 
report deals with some of the factors that might be responsible for hypoventila- 
tion and delineates their changes during the first postoperative week. 


‘ine From the Department of Anesthesiology, Medical School, University of Wisconsin, Madison, 
is. 
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MATERIAL AND METHODS 


Seventy-five patients, divided into three groups, were studied. Essential 
data are contained in Table I. The first subgroup was composed of 24 consecu- 
tive patients undergoing thoracic surgery for pulmonary tuberculosis at the 
Veterans Administration Hospital, Madison, Wisconsin. These patients, all 
male, had been on anti-tubereulosis chemotherapy and limited activity for sev- 
eral months or more. The majority had segmentectomy or lobectomy to remove 
residual foci of disease. In addition, there were two pneumonectomies for de- 
stroyed lungs, one post-pneumonectomy Ivalon sponge plombage, and one decor- 
tication following tuberculous empyema. The second group of 26 consecutive 
patients underwent thoracotomies for pulmonary tuberculosis at University Hos- 
pitals, Madison, Wisconsin. In this group, intercostal neurectomy was prac- 
ticed at the time of thoracotomy in an attempt to relieve the syndrome of late 
intercostal neuralgia. Except in regard to sex, this group was comparable to the 
first as regards age, the procedures undertaken, anesthesia, and postoperative 
complications. 


TABLE I. PATIENT MATERIAL 








26 THORACIC 


24 THORACIC 
PROCEDURES 


PROCEDURES WITH 
NEURECTOMY 


25 PERINEAL AND 
EXTREMITY PROCEDURES 





Sex 


Average age range 


Operations 


Premedication 


Anesthesia 


Complications 


Deaths 


All male 


37.0 (23-54) 


18 Segmental 
resections 

2 Lobectomies 

2 Pneumonectomies 

2 Others 


Belladonna 
N.O, Thiobarbiturate 
opiate, relaxant 


5 Major respiratory 
7 Others 


15th postop. day 


12 Female 
14 Male 


39.7 (20-60) 


15 Segmental 
resections 

6 Lobectomies 

2 Pneumonectomies 

3 Others 


Belladonna + opiate 
N.O, Thiobarbiturate 


relaxant 


7 Major respiratory 
9 Others 


5th postop. day 


16 Female 

9 Male 

46.2 (19-74) 
13 Vaginal 

7 Orthopedic 


8 Plastic 
2 Urologic 


Belladonna + opiate 


18 Inhalation 
6 Inhalation + IV 
1 Spinal + inhalation 


1 Major respiratory 
1 Major 

gastrointestinal 
17 Others 


None 











The third group, which was included for purposes of comparison, was com- 
posed of patients of both sexes undergoing operations on the perineum or the 
extremities. None had significant cardiovascular or respiratory disease and none 
had pain associated with cough or respiration. All were elective operations for 


conditions not an immediate threat to life. The average duration of anesthesia 
for this group was not significantly different from that of the thoracotomy pro- 
cedures. 

Forced vital capacity and timed vital capacity were recorded by the method 
of Curtis and his associates.» Two or more records were taken each day and 
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the largest vital capacity was used. All volumes were recorded at ATPS (am- 
bient temperature and pressure saturated). Records taken from a recording 
barograph and thermometer during a portion of this study indicate that change 
to BTPS (body temperature and pressure saturated) or STPD (standard tem- 
perature and pressure dry) would not have altered the interpretation of the 
results. Preoperative records were made the day before the procedure and its 
aims were carefully explained to the patient. All patients were in a modified 
Fowler’s position (about one half) during the testing. Postoperative measure- 
ments were made on the first through the seventh postoperative days in the mid 
to late afternoon. Oxygen therapy was discontinued for at least one-half hour 
before the measurements were made. The patients in the first thoracotomy 
group had oximeter studies shortly after the foreed vital capacity tracings, re- 
sulting in higher average oximeter readings than had been found in resting pa- 
tients previously studied. In the second thoracotomy group, oximeter studies 
were not made until 5 to 10 minutes after the vital capacity measurements. Oxim- 
eter studies were also delayed 5 to 10 minutes in the control group. 




















RESULTS 





Although there was considerable variation from patient to patient in all 
three patient groups, there was a striking tendency for the lowest values in any 
of the tests to be recorded on the second and third postoperative days in the two 
thoracotomy groups. Lowest values in the comparative group were recorded on 
the first postoperative day. The average values for each of the groups are tab- 
ulated in Tables II, III, and IV. It is obvious that patients undergoing thoracic 
surgery experience much greater alteration in pulmonary function than patients 
undergoing procedures far removed from the chest. It is also apparent that 
the impairment is of longer duration. 












TABLE II. ViTaL CAPACITY, OXYGEN SATURATION, TIMED VITAL CAPACITY, AND MAXIMUM 
EXPIRATORY FLOW AVERAGES FROM A GROUP or 24 MALES UNDERGOING THORACIC SURGERY 




















POSTOPERATIVE DAY 


i | 


TEST | PREOP. | ££ i. * #2 i 8 


6 | 7 



















Vital capacity 








Average (¢.¢.) 4,370 1,860 2,020 2,020 2,190 2,240 2,550 2,540 
Average per cent of preop. 100.0 43.2 46.8 46.0 50.0 51.6 58.7 59.2 
Per cent O, saturation 95.8 93.7 93.6 93.4 93.8 94.1 94.0 93.8 
Timed vital capacity (%) 
% 1 second 71 67 66 65 66 67 63 64 
5 2 second 85 84 81 82 82 83 81 80 






90 90 90 90 87 





3 second 









Maximum expiratory flow 
(L./see. ) 6.5 2.1 2.3 2.3 2.3 2.5 2.7 3.0 










Vital Capacity.—Vital capacities from day to day in the three groups are 
compared in Fig. 1. The vital capacity of patients undergoing thoracotomy 
decreased to an average of approximately one half of their preoperative volume. 
This was observed within the first 24 to 48 hours postoperatively in almost all 
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TABLE III. ViTat CAPACITY, OXYGEN SATURATION, TIMED VITAL CAPACITY, AND MAXIMUM 
EXpIRATORY FLOW AVERAGES FROM A Group oF 26 PATIENTS (BOTH SEXES) UNDERGOING 
THORACIC SURGERY WITH NEURECTOMY 





POSTOPERATIVE DAY 
TEST PREOP. 2 -.e. | 2S 
Vital capacity 
Average (c¢.¢.) 2,700 475 1,520 
Average per cent of preop. 100.0 54.6 56.3 
Per cent O, saturation 96.6 93.6 94.3 











Timed vital capacity (%) 
1 second 70 76 
2 second 87 
3 second 93 


Maximum expiratory flow 
(L./sece. ) 
males 3.6 : : : 2.2 2.3 
females 2.8 ; : : 2.1 2.0 





TABLE IV. ViTAL CAPACITY, OXYGEN SATURATION, TIMED VITAL CAPACITY, AND MAXIMUM 
EXPIRATORY FLOW AVERAGES FROM A GROUP OF 25 PATIENTS (BOTH SEXES) UNDERGOING 
PERINEAL AND EXTREMITY PROCEDURES 








POSTOPERATIVE DAY 
TEST PREOP. | Pa ee Ee 
Vital capacity 
Average (c.¢.) 2,960 2,890 2,840 2,740 
Average per cent of preop. 100.0 : 99.2 97.7 7.8 
Per cent O, saturation 97.0 96.0 95.5 6.5 











Timed vital capacity (%) 
1 second (e: 75 
2 second 88 85 
3 second 94 93 


Maximum expiratory flow 
(L./see.) 
males 4.3 4.9 
females 2.8 3.1 





patients. Thereafter, there was a tendency for the vital capacity to rise slowly, 
so that, at the end of the first postoperative week, it averaged 60 per cent of the 
preoperative value. This rise is statistically significant (P <0.01). There 
was no demonstrable difference between males and females in the second 
thoracotomy group, when the vital capacity was expressed as per cent of the 
preoperative value. There was not a sufficient number of patients to detect 
any difference between segmental resection and lobectomy, but patients under- 
going pneumonectomy, plombage, or decortication experienced a greater fall in 
vital capacity than those undergoing lesser procedures. The addition of neurec- 
tomy to the surgical procedure did not affect the postoperative vital capacity 
significantly. But there was a tendency for this group to have a somewhat 
larger vital capacity for the first several postoperative days when compared to 
the non-neurectomy group. 


_ By contrast, in the group of patients who did not have a thoracotomy, none 
experienced a decrease in vital capacity more than 50 per cent and the average 
fall was only 10 per cent. This occurred on the first postoperative day. On the 
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second postoperative day, and thereafter, there was no significant difference 
from the preoperative average. The scatter in this group was large and some 
postoperative patients were found to have a vital capacity increased to 140 per 
cent of their preoperative capacity. A reasonable explanation of this is a com- 
bination of adaption to the testing technique and relief of anxiety following 
their successful surgery. 

Timed Vital Capacity.—Timed vital capacity was measured at intervals of 
1, 2, and 3 seconds and expressed as per cent of that day’s vital capacity. Aside 
from the observation that the averages of all three groups were uniformly 
slightly below the accepted normal values, no significant change in timed vital 


Non-thoracotomy Group 
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Fig. 1.—Vital capacity for 7 days postoperatively is plotted as the average of the daily 
per cent of preoperative vital capacity. For patients undergoing perineal and extremity pro- 
cedures there is a slight decrease lasting only 1 day. There is a severe loss of vital capacity 
in those patients undergoing thoracotomy and pulmonary resection. There is no significant 
difference when intercostal neurectomy is added to thoracotomy. The vertical lines represent 
plus and minus one standard error of the mean. 
capacity was noted. The daily averages of patients without thoracotomy at 1, 
2, and 3 seconds were several per cent above those of the patients with thora- 
cotomy, but the difference was not statistically significant. There was no sig- 
nificant sex difference. 


Maximum Expiratory Flow Rate—Since the timed vital capacity is a 
function of vital capacity and expiratory flow rate, and since both are severely 
reduced in the postoperative period, the maximum expiratory flow rate is a more 
objective measurement. It is well known that there is a marked sex difference 
in normal values of this measurement. This difference was found in both of 
our groups of mixed sexes. Fig. 2 shows the maximum expiratory flow rates 
of all three groups of patients with subdivision by sex in the appropriate 
groups. Following operation in the control group of patients, the expiratory 
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flow rate shows an increase above the preoperative value. This increase is be- 
lieved due to both a learning process and satisfaction at a successful outcome 
of a minor operation. In contrast, the maximum expiratory flow rate of thora- 
cotomy patients was severely reduced in the first 24 to 48 hours. Thereafter, 
there was a tendency toward improvement which, however, was of minimal de- 
gree. Male and female both had similar absolute values in the range of 2.0 to 
2.5 L. per second. This represents a greater per cent fall for the male, nearly 
40 per cent, as opposed to 25 to 30 per cent for the female. 


Oximetry.—In the control group there was no significant blood oxygen 
desaturation found postoperatively, with the exception of 3 patients who had 
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Fig. 2.—Daily maximum expiratory flow rates for 7 postoperative days is compared with 
preoperative values. Patients undergoing perineal and extremity procedures show a slight 
day-to-day rise as they learn to perform the test better. Patients undergoing thoracotomy 
suffer a marked fall with insignificant improvement in the first postoperative week. 


saturations of 87 to 90 per cent in the first 3 days. These patients did not seem 
depressed clinically at this time and suffered no complications that could be 
associated with this desaturation. The observed values may represent an error 
of the oximeter in these patients. The average saturations of both thoracotomy 
groups fell significantly (P <0.05) reaching a low of 2 to 3 per cent below 
preoperative saturation on the second and third days. No sex difference 
was evident in the second group. Since all of these measurements were made 
after two or more forced vital capacity determinations, they were expected to 
be somewhat higher than those found in the undisturbed patients. Measure- 
ments in the first group of thoracotomy patients were obtained shortly after 
the vital capacity measurements and showed gradual day-to-day change. This 
is consistent with previous observations.” Since a different oximeter was used 
for the two thoracotomy groups, the tendency for the first thoracotomy group 
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to be lower than the second probably represents a systematic error in the in- 
strument. The changes in blood oxygen saturation found in the second thora- 
cotomy group (which were recorded 5 to 10 minutes after the vital capacity 
measurements) showed a greater decrease in saturation with the lowest values 
being recorded on the second postoperative day. There was no significant change 
from day to day in the patients who did not have a thoracotomy and the sat- 
urations recorded were considered representative of the random scatter found 
with this instrument. 


Clinical Observations.—Most patients in all three groups had quite benign 
postoperative courses as assessed clinically for their procedures. This is a re- 
flection of modern surgical, anesthetic, and nursing techniques. There was a 
death in each of the thoracotomy groups. One patient, 15 days after a pneumo- 
nectomy, died in right-sided congestive heart failure. The other died 5 days 
following an Ivalon sponge plombage, with severe bronchopneumonia, conges- 
tive heart failure, and multiple pulmonary thromboses. Both were severely ill. 
Both had vital capacities below 30 per cent of their preoperative value, and 
both were clinically cyanotic. That both had a-timed vital capacity of 60 per 
cent or more for the several days prior to death is merely a reflection of the 
severe reduction in lung volume. Maximum expiratory flow rate of both was 
less than 0.9 L. per minute terminally, which is a markedly reduced value (nor- 
mally 3 to 6 L. per minute for males). 


Observations of respiratory rates showed a wide scatter from 4 per minute 


after a moderate overdose of Levo-Dromoran to 60 per minute terminally in a 
dying patient. Tachypnea was very frequent following the stir-up regime or 
taking of a chest roentgenogram. The respiratory rates recorded on the pa- 
tient’s chart by ward personnel (mostly aides) correlated best, however, with 
the numbers 18, 20, and 22. This phenomenon has been described in detail.® 
Pulse rates were somewhat more carefully observed and recorded and values 
found in the patient’s chart were not far from values personally counted in 
several dozen spot comparisons. There was the usual diurnal variation. This 
was grossly modulated by pain relieving medication in one direction, and by stir- 
up procedures in the other. For illustrative purposes, the average envelopes of 
daily pulse rates are shown for the three groups in Fig. 3. The low values 
were usually recorded between the hours of 11 p.m. and 6 A.m., and the high 
values between 12 noon and 6 p.m. Both thoracotomy groups have been pooled 
for this figure. 

Narcotic consumption in these three groups of patients is interesting. Nar- 
cotics were administered upon request of the patient, but potency and dosage 
were individually adjusted and regularly decreased after the second postopera- 
tive day. If possible, nothing stronger than codeine was given past the sixth or 
seventh postoperative day. In the thoracotomy group, maximum requirement 
(average 5.3 injections, usually 1 to 2 mg. of Dilaudid, per patient per day) 
was found on the second and third postoperative day, with reduction to three 
oral doses (usually 30 mg. of codeine) per patient per day by the second week. 
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In contrast, the maximum dosage in the control group was found on the first 
postoperative day (average 4.5 injections, usually 75 to 100 mg. of meperidine, 
per patient per day). On each of the next 2 days, the average number of 
doses per patient was halved. By the fifth postoperative day, only nine doses 
of codeine were administered to the entire group of 25 patients. 


Complications.—There were eleven instances of nausea and emesis in the 
control group, eight of 2 days’ duration, and one of 3 days’ duration. In addi- 
tion, there was 1 patient with acute pyelitis, 4 with undiagnosed temperature 
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Fig. 3.—Upper graph—Daily average of the highest and lowest pulse rates recorded for 
thoracotomy patients (open squares) compared with those of patients with perineal and extrem- 
ity procedures (solid circles). There is significant elevation for several days in the former 
group, but insignificant elevation in the latter. 

Lower graph—Daily narcotic requirement is greater in the thoracotomy patients and 
declines much less rapidly. Potency and dosage were individually adjusted so as to relieve 
pain without excessive depression. 


elevations, 1 with paralytic ileus, 1 with parotitis, and 1 who developed hypo- 
static pneumonia. With the exception of the patient with pneumonia, the sat- 
urations, expiratory flow rates, and vital capacities of these patients were not 
markedly abnormal. 

Of the thoracotomy patients, there were 14 who developed major respiratory 
complications, including atelectasis, large hydropneumothorax, pneumonia, or 
empyema. There were eleven minor respiratory complications including patchy 
atelectasis, requiring no more than stir-ups to correct, or minor degrees of pneu- 
mohydrothorax. There was no nausea or vomiting of more than 4 hours’ dura- 
tion. There were no extrathoracic complications. 

In general, these complications in all groups were of the expected nature 
and frequency for the procedure undergone. 
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DISCUSSION 


The data here presented confirm previous reports of postoperative blood 
oxygen desaturation. They shed light on certain possible causes of hypoxemia 
and suggest further studies. 

Timed vital capacity, as originally proposed, was intended to separate ob- 
structive from restrictive pulmonary disease. If this interpretation is made of 
our results, it suggests that there is no gross obstruction imposed by thora- 
eotomy. Gross changes in vital capacity as demonstrated are striking. Several 
patients were found to have vital capacities hardly greater than their tidal vol- 
umes. This underlines the importance of adequate re-inflation of lungs at the 
time of. surgical closure and of prompt, vigorous treatment of atelectasis to pro- 
vide as great a pulmonary reserve as possible. The late results of pulmonary 
resection have been shown frequently to be a small reduction in vital capacity. 
From this study, it is apparent that this capacity is only slowly achieved and 
for the first week or more respiratory reserve is dangerously small. 

The maximum expiratory flow rate is perhaps the most interesting observa- 
tion. This may be considered a test of the mechanics of breathing. When con- 
sidered in correlation with the reduction of vital capacity, it shows that some 
patients subjected to thoracotomy must breath at or near their maximum breath- 
ing capacity. If there was no gross obstruction to air flow, as suggested by the 
timed vital eapacity results, the reduction in flow rates must be due to a de- 
creased foree of expiration. Since narcotics may improve respiratory function 
in patients following surgery,* liberal but individualized nareotie dosage should 
be given. This point deserves further investigation. 

Finally, it should be noted that the hemoglobin saturations recorded here 
are midway between the values before and after stir-up, as previously reported.” 
Since the blood oxygen saturation measurements were made from several min- 
utes to 10-minute intervals after the two vital capacity efforts, it indicates the 
necessity of frequent stir-ups and the importance of patient cooperation in the 
postoperative nursing care if hypoxemia is to be fought adequately. Compla- 
ceney is a danger well into the second postoperative week. Oxygen therapy 
should be considered for longer than the usual 6 to 24 hours. 

There was no consistent tendency for the patients experiencing complica- 
tions in our groups to have low values in any of the four measurements re- 
ported. Indeed, many patients with complications had normal or near normal 
saturations and greater vital capacity or expiratory flow rates than their group 
average. On the other hand, those patients who had low saturations (below 90 
per cent), great reduction in vital capacity (below 40 per cent) or maximum 
expiratory flow rate below 1.5 L. per second, were at least twice as likely to 
develop complications. 

The monograph, Pulmonary Complications of Abdominal Surgery, by Ans- 
combe’ provides comparable data on vital capacity and expiratory flow rates 
in a number of different abdominal operations. Only 2 eases are presented 
which involve thoracotomy, both trans-thoracie gastrectomy. In these there is 
no real improvement in vital capacity until after the third postoperative day. 
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By the eighth day the vital capacity reached the preoperative level. On the 
first 3 days the vital capacity was about 50 per cent. Maximum expiratory and 
inspiratory rates also remained severely low for the first 3 days. In all of the 
other procedures studied, a total of 144 patients undergoing gastrectomy, chole- 
cystectomy, nephrectomy, appendectomy, abdominal and inguinal herniorrhaphy, 
and bladder and prostate surgery, the nadir in the daily vital capacity and flow 
curves was exhibited on the first day and was followed by prompt improvement 
with essentially normal values by early in the second week. Further, there was 
rarely more than a 40 per cent fall in vital capacity. This indicates that there 
are marked quantitative differences in respiratory impairment following thora- 
eotomy and laparotomy. In either case the conclusion is reached that depressed 
respiratory function is a predisposing, although not necessarily causative, factor 
in the occurrence of complications. Our previous report indicated that a de- 
crease in pulmonary diffusing capacity for oxygen is not a prominent cause of 
hypoxemia. This report presents evidence that hypoventilation is largely re- 
sponsible. This hypoventilation is a product of both reduction in lung volume 
and in the mechanical forces of breathing. 

Comparison of vital capacity and blood oxygen saturation before and after 
narcotic injection was made in several patients. All showed improvement. We 
feel that the frequent requests for narcotics and elevated pulse rates are evi- 
dence of pain which limits respiratory excursion and leads to hypoventilation. 
This pain manifests itself in the decreased vital capacities and low expiratory 
flows. When reaction to the surgical trauma is superimposed upon hypoventi- 
lation, the stage is set for pulmonary complications. The attendant hypoxemia 
certainly interferes with normal function of the other systems of the body, 
especially in starting a vicious cycle of central nervous depression and further 
hypoventilation. 

We suggest that nareotic administration should be more liberal with greater 
attention to patient variation. Addiction should not be considered a danger in 
the first postoperative week. Careful patient instruction in the value and ef- 
fects of the stir-up regime is indicated preoperatively. Oxygen therapy should 
be considered a prophylaxis and continued for several days with adequate hu- 
midification and mechanical assistors where necessary. 


SUMMARY 


Observations of the day-to-day changes of vital capacity, oxygen saturation, 
timed vital capacity, and maximum expiratory flow rate in post-thoracotomy 
patients are presented and compared with similar measurements made in a 
group of postoperative patients who had not had a thoracotomy. Marked re- 
duetion in volume and expiratory flow rate was found with insignificant 
improvement in the first 3 postoperative days, during which blood oxygen 
saturation is lowest. During this 3-day period, clinical signs and narcotic 
demand suggest painful respiration which promotes hypoventilation. The ad- 
dition of neurectomy to the surgical procedure does not alter significantly the 
immediate postoperative changes in vital capacity, timed vital capacity, or 
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maximum expiratory flow rate, but a slight benefit is suggested. Increased 
use of the stir-up regime, more liberal narcotics for pain control, and more fre- 
quent use of prolonged oxygen therapy seem warranted. 
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cuTE heart failure is occasionally observed following a period of elective 
A eardiae arrest induced in the course of an intracardiae operation employ- 
P| ing cardiopulmonary bypass. This complication, with its attendant increase in 
operative mortality, was encountered in this clinic in patients without severe 
pulmonary hypertension or other lesions predisposing to failure and suggested 
that arrest itself might have a depressant effect on myocardial contractility. 

In order to evaluate the effects of arrest and of arresting agents on the 
heart, changes in myocardial contractility were measured. Left ventricular 
function curves were utilized in the study for this purpose and were established 
in normal dogs before and following cardiopulmonary bypass and arrest induced 
by various techniques. A ventricular function curve expresses the stroke work 
of the ventricle over a wide range of filling pressures and permits assessment of 
its contractility at increasing degrees of stress." 

















METHODS 





The experimental method described by Sarnoff and Berglund! was modi- 
fied to permit its application with extracorporeal circulation. Healthy mongrel 
dogs weighing 11.5 to 22.5 kilograms were employed. The animals were anes- 
thetized with intravenous thiopental and ventilation was maintained by a 
mechanical positive-pressure respirator. The cannulations and extracorporeal 
circuit are illustrated in Fig. 1. The right chest was opened through the fifth 
intercostal space. The venae cavae were exposed, the right pulmonary artery 
and azygos vein were dissected free, and the pericardium was widely incised. 
Heparin (3 mg. per kilogram) was given intravenously and the previously ex- 
posed femoral artery was cannulated. The right atrium was cannulated through 
the azygos vein. The right pulmonary artery was occluded distally and a thin- 
walled stainless steel cannula was placed into the proximal end. A right pul- 
monary vein was cannulated for measurement of left atrial pressure. Large 
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polyvinyl catheters were placed in the superior and inferior venae cavae through 
the right atrial appendage. The extracorporeal circuit was completed with a 
rotating dise oxygenator? with a single arm nonocclusive roller pump. Venous 
blood from the venae cavae was drained by gravity into a reservoir. To de- 
compress the heart, intracardiac blood was drained from the right atrium 
through the azygos vein into a reservoir which in turn emptied into the main 
venous reservoir. The temperature of the animals was maintained at normal 
levels by warming coils on the oxygenator. The pump-oxygenator was primed 
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Fig. 1.—Diagrammatic representation of the experimental method employed to assess 
ventricular function and provide complete cardiopulmonary bypass. CSR—right atrial drainage 
reservoir; VR—venous reservoir: SG—Statham pressure transducer. In establishing ventric- 
ular function curves the venous return bypassed the oxygenator and was returned to the 
pulmonary artery through the electromagnetic flowmeter. During complete bypass the venous 
blood was oxygenated and returned through the meter to the femoral artery. 


with blood obtained from donor dogs which had been lightly anesthetized with 
thiopental. The partial pressure of the oxygen in the blood at the arterial end 
of the oxygenator was monitored by a Clark oxygen electrode*; 99 per cent oxy- 
gen and 1 per cent carbon dioxide were added to the oxygenator at a rate equal 
to systemic arterial flow. Aortic and left atrial pressures were measured by 
Statham pressure transducers and recorded together with the electrocardiogram 
on a multichannel direct-writing oscillograph. 

When the left ventricular function curves were inscribed, venous blood did 
not enter the oxygenator but was pumped through a buffer bottle and the ean- 
nula of an electromagnetic flowmeter* and into the right main pulmonary ar- 
tery. Prior to arrest, a control function curve was obtained by measuring left 
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atrial pressure and central aortic pressure as the flow into the pulmonary artery 
and hence left ventricular output (less coronary flow) was increased in a step- 
wise fashion. Each period of observation lasted 2 minutes allowing for stabili- 
zation of all parameters and established one point on the curve. The function 
curve was terminated when the mean left atrial pressure exceeded 26 em. water 
or systemic flow exceeded 150 ml. per kilogram per minute. 

Complete cardiopulmonary bypass was then initiated by directing the 
venous return through the oxygenator and returning it to the femoral artery. 
Systemic flow was maintained at 100 ml. per kilogram per minute. Two to 3 
minutes after the initiation of bypass the ascending aorta was cross-clamped 
above the coronary ostia. Acetylcholine arrest was initiated by the injection of 
15 mg. per kilogram of body weight of the drug, diluted in saline, into the 
ascending aorta below the clamp.’ Arrest with potassium citrate was carried 
out by rapidly injecting a 2.5 per cent solution of potassium citrate in whole 
blood into the ascending aorta until the heart stopped. The technique was that 
described by Melrose.* Anoxie arrest was induced by aortie occlusion alone. 
With all forms of arrest, the right atrium was vented by the cannula in the 
azygos vein. The lungs were not ventilated during bypass. Periods of arrest 
were 10, 20, and 30 minutes. During ‘‘intermittent’’ anoxic arrest, the ascend- 
ing aorta was clamped for 4 minutes and released for 1 minute of each 5-minute 
period. 

At the end of arrest total cardiopulmonary bypass was continued for ap- 
proximately 10 minutes until adequate heart action was restored. When potas- 
sium citrate had been employed 1 or 2 ml. of 10 per cent ealeium chloride was 
injected directly into the left ventricle to inhibit the effects of the potassium 
ion. Following acetylcholine arrest, 0.4 mg. atropine sulfate solution was in- 
jected into the circulation to neutralize the effects of this arresting agent. If 
obvious severe failure persisted, 1 or 2 ml. of epinephrine (1:10,000) was in- 
jected into the left ventricle. Twenty minutes after termination of arrest a 
second ventricular function curve was obtained in a manner similar to that 
just described. In 2 dogs, left ventricular function curves were obtained before 
and after 20 minutes of total cardiopulmonary bypass without elective cardiac 
arrest. 

Left ventricular function was determined by relating left ventricular stroke 
work to mean left atrial pressure. The former parameter was derived from the 
equation : 


LVS = (Ap - LAp) x SV 
100 





Where: 

LVS = left ventricular stroke work : gram-meters 

Ap: mean aortic pressure (em. water) 

LAp: mean left atrial pressure (em. water) 
systemie flow (ml./min.) 


SV: stroke volume = + 
heart rate 





The effect of the arresting agent was determined by a comparison of the con- 
trol and post-arrest curves in each experiment. In each instance the post-arrest 
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curve could be described as showing minimal or no depression, moderate depres- 
sion, or severe depression of myocardial contractility. Pairs of function curves 
illustrative of these classifications are shown in Figs. 2, 3, and 4. Some 
animals exhibited such severe depression that no function curve could be ob- 
tained following arrest. 
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Fig. 2.—Left ventricular function curves before and after intermittent aortic occlusion for 
go — This pair of curves is illustrative of minimal or no depression of left ventricular 
nction 
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Fig. 3.—Left ventricular function curves before and after elective cardiac arrest for 10 
minutes with potassium citrate administered by the Melrose technique. This pair of curves is 
illustrative of moderate depression of left ventricular function. 
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RESULTS 


The effects of cardiac arrest on left ventricular function were studied in 
44 dogs. The results of the studies are summarized in Table I. In the 2 ani- 
mals studied before and after bypass, but without cardiac arrest, left 
ventricular function curves were unchanged by the perfusion. When potassium 
citrate was employed (15 animals), complete arrest always resulted and the 
heart evidenced no mechanical or electrical activity. However, restoration of 
normal contraction was difficult and intracardiae epinephrine was at times neces- 
sary before an effective beat could be established. In 5 of the 15 animals, myo- 
cardial depression was so severe that no post-arrest function curve could be 
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Fig. 4.—Left ventricular function curves before and after elective cardiac arrest for 20 
minutes with acetylcholine. This pair of curves is illustrative of severe depression of left ven- 
tricular function. 


TABLE I. THE EFFECTS OF VARIOUS FORMS OF CARDIAC ARREST ON LEFT VENTRICULAR 
FUNCTION 








| NUMBER OF DOGS AND DEGREE OF MYOCARDIAL 
DEPRESSION (SEE TEXT) 











NO POST- 
ARREST VF 
CURVE 
MINIMAL OBTAIN- 
TIME AGENT OR NONE | MODERATE| SEVERE ABLE TOTALS 
10 min. Potassium citrate 3 3 2 8 
Acetylcholine 5 1 6 
Anoxia 3 2 1 6 
20 min. Potassium citrate 1 3 4 
Acetylcholine 2 2 4 
Anoxia 2 1 2 5 
30 min. Potassium citrate 3 3 
Acetylcholine I 1 1 3 
Anoxia (intermittent) + 1 5 
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obtained. With 20 and 30 minutes of arrest, 6 of 7 dogs revealed severe de- 
pression when potassium citrate was employed. At 10 minutes, 2 of 8 hearts 
were unable to sustain the systemic circulation but 3 showed minimal or no 
depression and 3 showed only moderate depression. 

Thirteen dogs underwent cardiac arrest with acetylcholine. When the 
agent was injected into the ascending aorta the heart usually stopped for 2 
minutes and then resumed a beat at a slow rate. At the end of arrest, especially 
in those animals in the 20- and 30-minute groups, ventricular fibrillation fre- 
quently occurred, but in general was readily reversed by electrical shock after 
coronary perfusion had been restored and atropine administered. However, 
in 3 animals, depression was so severe that no post-arrest function curve was 
obtainable. When arrest with acetylcholine was employed for only 10 minutes, 
5 of 6 animals had minimal or no depression and 1 showed moderate depression. 

Sixteen dogs were subjected to arrest induced by anoxia. After the ascend- 
ing aorta was clamped, the heart usually continued to beat for approximately 5 
minutes but with gradually decreasing vigor until mechanical activity ceased. 
Ventricular fibrillation was not uncommon but was readily converted to a sinus 
mechanism by shock and the restoration of coronary perfusion. Normal sinus 
rhythm was re-established in all 16 animals. After 10 minutes of arrest, 3 
dogs showed minimal or no depression, 2 showed moderate depression and 1 
had severe depression of function. After 20 minutes of anoxia, 2 dogs showed 
minimal impairment of function, 1 moderate and 2 severe depression. 

When the aorta was intermittently occluded for 30 minutes, only 1 of 5 
dogs exhibited any significant depression of ventricular function and in this 
animal it was of only moderate severity. 


DISCUSSION 


The experimental study described was suggested by the clear evidences of 
left ventricular failure which were observed in a number of patients in whom 
potassium citrate arrest was employed as an adjunct to cardiopulmonary by- 
pass. The value of ventricular function curves as effective indicators of changes 
in contractility is apparent from a comparison of the pre- and post-arrest curves 
reproduced in Figs. 3 and 4. When the ventricle is performing little work, de- 
pression of function may not be apparent since filling pressure may remain low. 
When, however, the heart must deal with a greater work load it may be able to 
do so only with a greatly increased filling pressure, if at all. 

The majority of patients operated upon for heart disease have an increased 
myocardial work load and although a successful correction of the anatomic 
lesion may substantially reduce this, the trauma of the operative procedure may 
offset this beneficial effect in the early postoperative period. It has been shown, 
for example, that right ventriculotomy alone impairs ventricular function.’ 
Thus the additional depression of ventricular function caused by cardiac arrest 
may be sufficient to result in fatal heart failure. 

The ventricular function curves in the present study were established by 
modification of the methods described by Sarnoff and Berglund’ and Stirling 
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and his associates.’ Although the measurements of systemic flow did not include 
the coronary flow, the magnitude of the latter has been shown to be too small 
to be of significance in such experiments.'' The heart rate was not maintained 
constant during the studies, even though the rate can influence ventricular fune- 
tion.* However, it was considered that the conditions of the study paralleled 
the clinical situations in which arrest is employed and rate is not controlled. 
Decompression of the heart during the arrest and recovery periods has been 
shown to be an important adjunct to the technique’ and the adequacy of drain- 
age was shown by the fact that the mean left atrial pressure remained low dur- 
ing arrest. 

In the present study the methods of cardiac arrest most often employed 
clinically were evaluated. Potassium citrate was uniformly responsible for 
severe depression of function after 20 and 30 minutes of arrest. Even at 10 
minutes, 2 of 8 dogs could not maintain a heartbeat. Calcium chloride was in- 
jected into the left ventricle to inhibit the effects of the potassium ion, since it 
is known that these two ions have a directly antagonistic action. However, epi- 
nephrine was at times required for the hearts to resume any function and they 
were often observed to be flabby and weak. These findings in regard to potas- 
sium citrate arrest are in contrast to those of Darby and co-workers’? who did 
not observe depression of contractility when the effects of potassium were as- 
sessed with the Walton-Brodie strain gauge arch. The latter method, however, 
measures the function of only an isolated ventricular segment and Gilbert*! has 
shown that the distribution of the arresting agent is not necessarily uniform. 
Both clinical'? and experimental studies'® have demonstrated that the infusion 
of potassium citrate into the coronary bed may produce myocardial necrosis 
and it is suggested that this anatomic lesion is responsible for the physiologic se- 
quelae noted. 

The hearts arrested with acetylcholine evidenced virtually no impairment 
of funetion when the period of arrest was 10 minutes. However, with longer 
periods of arrest the function curves were as severely depressed as with potas- 
sium citrate. These hearts, in contrast to those arrested with potassium, always 
resumed a beat, sometimes after a period of ventricular fibrillation, and epineph- 
rine was seldom necessary. As noted above, the period of complete arrest with 
acetylcholine seldom lasted more than 2 minutes but the slow beat which ensued 
would certainly not hamper the performance of an intracardiae procedure. 

Uninterrupted aortic occlusion, leading to anoxie cardiae arrest, apparently 
resulted in less impairment of ventricular function than either potassium citrate 
or acetylcholine at 20 minutes. The data do not clearly show an advantage of 
anoxia over acetylcholine at this time but it was not considered that further ex- 
periments to establish this point were necessary. Severe depression was observed 
in only 3 of the total of 11 dogs in which the effects of anoxia were studied for 
10 or 20 minutes and in every instance the function of the heart was good 
enough to permit the curves to be established after the arrest period. When 
the aorta was clamped intermittently for 30 minutes, ventricular function was 
virtually unchanged. The heart, under these circumstances, never evidenced 
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complete lack of contraction but, as with acetyleholine, the slow beat which econ- 
tinued would not have interfered with a surgical procedure. In these animals 
epinephrine was never necessary in the post-arrest period. 

Pairs of ventricular function curves cannot be related by any simple mathe- 
matical index and it is apparent that the results of the experiments described 
do not lend themselves to quantitative analysis. The evidence seems abundant, 
however, from the marked qualitative differences in the curves, that cardiac ar- 
rest induced for more than 10 minutes with either potassium citrate or acetyl- 
choline is almost uniformly associated with subsequent severe depression of myo- 
eardial function. These physiologic observations and the histologic observation 
of myocardial necrosis in the hearts of patients dying after potassium arrest’* 
have led to the abandonment of this technique at the National Heart Institute 
in clinical practice. Intermittent aortic occlusion has proved the most satisfae- 
tory method for securing a dry and quiet field. It cannot be employed, how- 
ever, in operations requiring aortotomy for extended periods and direct selective 
coronary perfusion has been found the technique of choice under these circum- 
stanees. 3 


SUMMARY 


Myocardial contractility, as measured by left ventricular function curves, 
was studied in normal dogs before and after periods of cardiac arrest induced 
with either potassium citrate, acetylcholine, or anoxia (continuous or intermit- 


tent). Both potassium citrate and acetylcholine resulted in severe depression 
of myocardial function when the period of arrest exceeded 10 minutes. Con- 
tinuous aortic occlusion for 10 or 20 minutes was responsible for only moderate 
impairment of function and intermittent aortic occlusion caused no significant 
depression when continued for 30 minutes. The results of the studies suggest 
that intermittent aortic occlusion, without the infusion of cardioplegic agents, 
is the technique of choice for open cardiac operations not necessitating prolonged 
aortotomy. 
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THE MECHANISM AND PREVENTION OF AIR EMBOLISM 
DURING CORRECTION OF CONGENITAL 
CLEFT MITRAL VALVE 


Albert Starr, M.D., Portland, Ore. 


Eee open-heart surgery the prevention of air entrapment and subsequent 
embolization from the operative field may be difficult under certain condi- 
tions. The occurrence of two instances of fatal air embolism in a series of 7 
patients with congenital cleft mitral valve, during a period in which 70 open- 
heart procedures were performed for other defects at this institution with no 
deaths due to this cause, prompted a study of the mechanism and prevention of 
this complication in the correction of this particular defect. 

The problem of air embolism during the open correction of acquired mitral 
disease has been noted by many authors.’'* Air ean be trapped in the left ven- 
triecle and, with the patient in the left lateral decubitus position, the right pul- 
monary veins may be an additional source of trapped air. The excellent studies 
of Kay and associates* have demonstrated that embolization from the left ven- 
tricle occurs only when left ventricular pressure is sufficiently great to open the 
aortic valve. This can be prevented in the dog by keeping the mitral valve in- 
competent until the left heart is completely filled with blood. Gott and asso- 
ciates* have deseribed the use of a spring-like instrument called the mitral spiral 
to achieve this end. 

Pertinent data concerning 7 patients undergoing closure of partial or eom- 
plete cushion defects involving repair of congenital cleft mitral valve are 
presented in Table I. 

The diagnosis of cleft mitral valve with persistent ostium primum or atrio- 
ventricularis communis was suggested preoperatively in all patients by the 
demonstration of left-to-right shunting at the atrial level associated with a 
systolic thrill and characteristic electrocardiographie findings. All patients had 
left axis deviation, horizontal heart, and right ventricular hypertrophy or in- 
complete right bundle branch block. Three had prolongation of the P-R in- 
terval. 

All patients were operated upon in the supine position; 6 had a median 
sternotomy. Perfusion was satisfactory in all respects and followed the prin- 
ciples outlined in a previous publication from this clinie.’° At operation, 4 
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TABLE I. AIR EMBOLISM DURING CORRECTION OF CONGENITAL CLEFT MITRAL VALVE 








LEFT 
VENTRICULAR | MITRAL AIR 
N'™MBER y PATHOLOGY CATHETER SPIRAL | EMBOLUS | RESULT COMMENT 


I | Persistent ostium No No No Died Death due to 
primum respiratory 
Cleft mitral valve insufficiency 
Cleft tricuspid 
valve 














Persistent ostium ‘ Death due to 
primum air embolism 


Cleft mitral valve 


Persistent ostium 
primum 
Cleft mitral valve 


Persistent ostium 
primum 
Cleft mitral valve 


Persistent ostium Yes, viaatrial 1 Alive 
primum septum 
Cleft mitral valve 


Persistent atrio- No , Died Death due to 
ventricular air embolism 
eanal 

Persistent atrio- Alive 


ventricular 
canal 





patients were found to have partial cushion defects with a typical ostium 
primum atrial septal defect and cleft mitral valve. One had a cleft tricuspid 
valve in addition. Two pati nts were found to have a complete cushion defect 
or persistent atrioventricular canal. The technique of correction was similar to 
that described by others’ and consisted of closure of the mitral and tricuspid 
clefts with interrupted fine silk, in some instances tied over a strip of Ivalon 
sponge. The associated septal defect was closed with a compressed Ivalon 
prothesis. Cardiac arrest was not used. In all patients, except Patient 3 who 
had a persistent murmur of mitral insufficiency postoperatively, a satisfactory 
repair was noted at the time of operation and confirmed by clinical course or 
autopsy. 

There were three deaths in this series. The first patient and the only one 
to have a bilateral thoracotomy died of respiratory insufficiency after regain- 
ing consciousness with no neurological sequelae. The other two deaths were due 
to severe brain damage. 


AIR EMBOLISM 


Precautions to avoid air embolism were taken in the first 2 patients by 
allowing the left heart to fill with blood prior to complete closure of the atrial 
septal defect. While this was effective in Patient 1, Patient 2 died 36 hours 
following surgery of overwhelming brain damage without regaining conscious- 
ness. During bypass there was slowing and flattening of the electroencephalo- 
graph despite a satisfactory perfusion with respect to arterial and venous 
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pressures and blood gas studies. Autopsy revealed complete correction of the 
defect and no obvious cause of death. The brain appeared normal by gross and 
microscopic examination. . 

As noted in Table I, special eare was taken to avoid the trapping of air in 
the left ventricle in the remaining 5 patients and was successful except in 
Patient 6 who died 4 days postoperatively without regaining consciousness. 
Care was taken in this patient to fill the left heart prior to complete closure of 
the atrial septal defect and to keep the mitral valve incompetent by means of 
the mitral spiral. Autopsy revealed excellent correction of the cardiae defect 


Fig. 1.—The cut surface of the brain of Patient 6 demonstrates numerous hemorrhagic areas. 


and small fresh hemorrhages in the leptomeninges and cerebral substance gen- 
erally (Fig. 1). These were confirmed on microscopic examination. 

The occurrence of fatal brain damage in 2 patients of this series, despite 
the exercise of reasonable caution with Patient 2 and the use of the mitral spiral 
in Patient 6, prompts a review of the possible mechanism of air embolism under 
these circumstances. 

While correction of acquired mitral disease is best carried out via a right 
anterolateral or lateral thoracotomy, the patients in this series were operated 
upon in the supine position via a median sternotomy or bilateral thoracotomy. 
This enables a complete exploration for patent ductus arteriosus, left superior 
vena cava and other congenital defects that cannot always be ruled out by 
cardiac catheterization and other means prior to surgery. The advantages of 
the median sternotomy in the correction of congenital cardiac defects have been 
listed by Lillehei and others.° 

Fig. 2 demonstrates the relationship of the left ventricle to the left and 
right atrium in the supine position. Air introduced into the left ventricle 
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during mitral valve correction via the atrial septal defect will rise to the apex 
of this chamber and may not be easily removed except by aspiration through 
the apex itself. Maintenance of mitral insufficiency until left heart closure is 
complete may still allow air to remain in this high pocket. As left ventricular 
ejection becomes effective this will be expelled into the aorta. Under these cir- 
cumstances only one cubic centimeter of air per kilogram of body weight is 
necessary in the dog to cause significant brain damage and death.’ The failure 
of maintenance of mitral insufficiency to prevent air embolism following 
mitral surgery for congenital cleft in Patient 6 and the success of this method 
when the right lateral or anterolateral approach is used for acquired mitral 
disease is probably explained by the dependent position of the apex of the 
heart during the latter approach. 





Fig. 2.—This transverse section of the trunk at the level of the mitral valve demonstrates 
the relationship of the left ventricle with regard to other chambers in the supine position with 
a midline sternal-splitting approach. Air introduced into the left ventricle is removed by a 
left ventricular catheter. 


PREVENTION 


A reasonable approach to the prevention of air embolism following repair 
of a cleft mitral valve in the supine position would appear, therefore, to be the 
use of a left ventricular catheter as a vent. While on suction this will prevent 
left ventricular pressure from opening the aortic valve and, prior to its removal, 
air ean be removed from the apex. Thus, with the patient in the supine position 
the heart is approached by a midline sternal-splitting incision with arterial 
cannulation via the common femoral artery. The patient is then placed on 
cardiopulmonary bypass and, following adequate decompression of the heart, it 
is gently lifted from its bed as seen in Fig. 3. A small stab incision is made 
in an avascular area of the apex extending part way but not completely through 
the myocardium. <A 22 or 24 Fr. plastic cardiovascular catheter with multiple 
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side perforations is passed into the left ventricle and held in position by a purse- 
string suture. The heart is then allowed to drop back into the pericardium as 
in Fig. 4 and the catheter is connected to the coronary stiction circuit. The 
catheter is momentarily clamped to allow left heart filling following mitral re- 
pair while the valve is rendered incompetent by a suitable instrument and the 
atrial septal defect is closed. The mitral spiral has proved most satisfactory 
for this purpose. As soon as the left heart is closed the catheter is unclamped 
and the mitral spiral removed. The apex is now gently elevated and the 
catheter disconnected from the suction cireuit and slowly removed while open 
to the atmosphere. One is quite surprised by the quantity of air expelled 
during this maneuver. The small stab incision will require one or two sutures 
for hemostasis and the heart is allowed to fall back into the pericardium. The 
patient is then taken off cardiopulmonary bypass and decannulation is effected 
in the usual way. 

The use of the left ventricular apical catheter alone was most satisfactory 
in Patients 3 and 4. In Patient 5 no difficulty was encountered when the mitral 
valve was kept incompetent by means of a catheter passed through the atrial 
septal defect and left in place until the atrial septum was almost completely 
closed. This led to the use of the mitral spiral alone in Patient 6 with 
disasterous consequences. Catheter decompression was reinstituted with Patient 
7 and a large quantity of air was obtained from the catheter just prior to its 
removal. 


DISCUSSION 


It is of significance that two of the three deaths in this series resulted from 
brain damage and, in both of these, catheter decompression was not used. 
While it is difficult to be certain that air embolus was the actual cause of these 
two fatalities, the satisfactory bypass in all other respects and the appearance 
of air in the left ventricular catheter in those eases in which it was used suggest 
that these deaths were indeed due to air embolus from the operative field. 

The use of a left ventricular vent as a means of avoiding air embolism 
was suggested by Miller and associates’ in the repair of ventricular septal de- 
fects in dogs. This has not been found necessary in the human being since the 
defect is usually in a superior position in relation to the left ventricular 
chamber and if reasonable caution is exercised to fill the left ventricle with 
blood prior to complete closure, air will not be trapped in this chamber. The 
suggestion by Kunkler and his associates’ that the operative field be flooded 
with carbon dioxide has not gained widespread acceptance. A prophylactic 
method based upon a knowledge of the mechanism by which air trapping occurs 
is more likely to be uniformly successful. 

The use of a left ventricular decompressing catheter in operation upon 
the mitral valve in the supine position fulfills this criterion and is suggested by 
the results in this series of patients. This will allow continued use of the 
median sternotomy and the supine position for correction of this defect. 
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Fig. 3.—This drawing demonstrates the ease of insertion of the left ventricular apical catheter 
following cardiac decompression at the start of cardiopulmonary bypass. 
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Fig. 4.—This drawing demonstrates the catheter in place with the heart dropped back into 
the pericardium. 
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SUMMARY 


The problem of air embolism occurring in 2 of 7 patients with cleft mitral 
valve operated upon in the supine position is reviewed. The importance of air 
entrapment in the apical portion of the left ventricle as a source of this com- 
plication is noted and a means of prevention by left ventricular catheter decom- 
pression is suggested. This has proved to be a simple and effective means of 
avoiding air embolism in those instances in which it has been used. 


ADDENDUM 


Since submission of this paper, 3 additional patients with congenital cleft mitral 
valves have been operated upon with an excellent clinical result and no evidence of air 
embolism. Two had an ostium primum atrial septal defect associated with cleft mitral 
valve and were operated upon through a right anterolateral approach. Since the apex of 
the left ventricle is dependent with the patient in this position, a mitral spiral alone was 
used. The third patient had a complete atrial ventricular canal and since the supine posi- 
tion was used with a sternum-splitting incision, both the mitral spiral and left ventricular 
decompression were used. 
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THE ROLE OF EPINEPHRINE AND NOREPINEPHRINE IN 
REBOUND CARDIOVASCULAR PHENOMENA IN 

AZYGOS FLOW STUDIES AND CARDIO- 

PULMONARY BYPASS IN DOGS 


Charles A. Belisle, M.D.,* Eugene F. Woods, Ph.D., Daniel B. Nunn, 
M.D., Edward F. Parker, M.D., William H. Lee, ]r., M.D., and 
James A. Richardson, Ph.D., Charleston, S. C. 


TEWART and Rogoff’ first reported that substantial increments in arterial 

blood pressure were obtained when the venae cavae were released after a 
brief period of complete occlusion. It was later observed by Walton and his 
associates'® that a similar increase in cardiac contractile foree could be demon- 
strated in this way. Other investigators have demonstrated marked changes in 
cardiovascular functions following periods of acute severe anoxia'® *? or hyper- 
capnia.t The increase or rebound has also been frequently observed during 
studies of ‘‘azygos flow’’ and of experimental cardiopulmonary bypass with 
low flow rates.?° It is the purpose of this paper to report on the plasma levels 
of epinephrine and norepinephrine in dogs during and following azygos flow 
studies and cardiopulmonary bypass at various flow rates. 


METHODS 


The mongrel dogs used in these experiments were anesthetized with intra- 
venous pentobarbital (30 mg. per kilogram) and respired on room air with an 
intermittent positive pressure mechanical respirator. Simultaneous recordings 
of arterial blood pressure, myocardial contractile force, and a standard lead of 
the electrocardiogram were made continuously. A Statham transducer attached 
to a femoral arterial cannula was used to monitor the blood pressure, and myo- 
eardial contractile foree was measured by the use of a strain-gauge arch sutured 
to the surface of the vight ventricle. A description of the strain-gauge arch? 
and the relationship of contractile foree to other cardiovascular events have 
been reported.* ** All recordings were made by the use of Sanborn or Brush 
multichannel recording devices. <A right intercostal thoracotomy incision in the 
fourth interspace was used in all cases. 
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The experiments were divided into two groups. The first group, consisting 
of 11 dogs, was subjected to azygos flow studies. Umbilical tape ligatures were 
placed around the superior vena cava distal to the azygos vein and around the 
inferior vena cava, following the methods outlined by Cohen and Lillehei.* 

The second group, consisting of 8 dogs, was subjected to a cardiopulmonary 
bypass. The right auricular appendage was the site of insertion of two poly- 
vinyl plastic cannulae, one of which was advanced into each vena cava. The 
right femoral artery was cannulated for the return of oxygenated blood. A 
DeWall type oxygenator, in conjunction with a Sigmamotor pump apparatus, 
was used during the bypass. 


CONTRACTILE, FORCE} 


Fig. 1.—Effects of azygos flow on myocardial contractile force and blood pressure. See dis- 
cussion in text. 


Blood samples for the determination of the catechol amine levels were ob- 
tained from a cannula inserted into the opposite femoral artery. The samples 
were drawn in the following order: (1) initial control level; (2) just prior to 
the termination of azygos flow or cardiopulmonary bypass; (3) at the time of 
maximum increase in blood pressure and contractile foree (if there was any 
increase); and (4) at the time of the return of contractile force to near normal 
levels. 

The plasma concentrations of epinephrine and norepinephrine were as- 
sayed using the fluorimetric method of Weil-Malherbe and Bone,*’ as modified 
by Richardson and his co-workers.’ This type of measurement and its clinical 
significance have been comprehensively reviewed by Manger and his associ- 
ates.1*? 


RESULTS 


In 8 of the 11 dogs in the first group, occlusion of the venae cavae for 
periods of 7 to 10 minutes resulted in a rapid decline in myocardial contractile 
foree. This was followed by a gradual return of the contractile force toward 
normal during the course of the continued venous occlusion. Release of the 
venae cavae after 7 to 10 minutes of occlusion was followed by an increase in 
contractility and blood pressure, generally in the range of 40 to 50 per cent 
above control levels. The maximum increment in contractile force and blood 
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pressure occurred at approximately 2 to 5 minutes after normal flow was re- 
instated. Fig. 1 shows a recording of myocardial contractile force and blood 
pressure changes typical of those obtained in 7 dogs during and immediately 
after the period of caval occlusion. Plasma levels of catechol amines were 
measured in 6 dogs. As shown in Table I, the total catechol amine levels in- 
creased markedly during the period of decreased blood flow from a mean con- 
trol level of 3.0 to 91.8 micrograms per liter of plasma. In all experiments the 
major increment was in the epinephrine fraction, although substantial increases 
in norepinephrine were obtained in 5 animals. Following the release of the 
vena cava, catechol amines returned toward control levels. At the time of the 
maximum rebound increase in eardiae contractile feree, epinephrine and nor- 
epinephrine levels were still elevated, but were less so than during the period 
of reduced flow. Approximately 15 minutes following release of the occlusion, 
catechol amine concentrations and contractile force had returned to near con- 
trol levels. 


TABLE I. PLASMA CATECHOL AMINES DuRING PERIODS OF AZYGOS FLOW AND 
CARDIOPULMONARY BYPASS 
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In 3 additional experiments in which azygos flow was maintained 15 to 30 
minutes, no cardiovascular rebound phenomena were observed. In these ani- 
mals, contractile foree and blood pressure failed to return to control levels. 

Several additional azygos flow experiments not included in the above group 
were performed in which attempts were made to produce ventricular fibrillation 
during the period of cardiovascular rebound. Digitalization until toxicity in 
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2 dogs, intravenous procaine hydrochloride in 2 dogs, and generalized hypo- 
thermia (28° C.) in 3 dogs were used. In none of 7 dogs did ventricular 
fibrillation oeeur. : 

In 6 experiments using cardiopulmonary bypass at flow rates of 20 to 25 
e.c. per kilogram per minute, it was noted that the cardiac rebound occurred 
in a similar though less intense manner than during azygos experiments (Fig. 
2). In 2 bypass experiments at a 30 ¢.c. flow rate, the contractile force remained 
at near normal levels during the 10-minute period of bypass. Table I shows 
that during the experiments with flow rates below 30 ¢.c. per kilogram per 
minute, eatechol amines were substantially elevated, while relatively little change 
in amines oceurred in the experiments with a flow rate of 30 cee. 





*— CONTROL 


1BYPASS— 
20 CC/KG/MIN 


Fig. 2.—Effects of bypass on electrocardiogram, myocardial contractile force, and blood pres- 


sure. See explanation in text. 


DISCUSSION 


Recent investigations concerning cardiac metabolism have altered some of 
the earlier concepts of the relationship of epinephrine and norepinephrine to the 
heart. It has been demonstrated that norepinephrine is produced by the post- 
ganglionie cardiac sympathetic fibers* '° and also possibly by the chromaffin 
tissue within the heart itself.1t The concentration of the amines in the myo- 
cardium has been found to consist chiefly of norepinephrine with a lesser amount 
of epinephrine, the latter averaging approximately 10 per cent.'* As pointed 
out by Raab," the coneentration of these hormones in the myocardium is de- 
pendent upon several factors: the intensity of response of the cardiae sympa- 
thetic and vagal nerve terminals to stimulation, the absorption of catechol 
amines from the circulating blood by the heart muscle, the intracardiac forma- 
tion of these hormones from extraneural sources, and the rate of their enzymatic 
destruction. 
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The post-ganglionic parasympathetic fibers produce acetylcholine. A bal- 
ance of action of these hormones is maintained within the myocardium. Several 
significant effects of the amines upon myocardial metabolism have been observed : 
(1) norepinephrine causes an increase in myocardial oxygen consumption that 
is not paralleled by a proportionate inerease in eardiae work,” ® and (2) the 
catechol amines promote anaerobie glycogenolysis that results in the aceumula- 
tion of lactie acid in the heart muscle." 

In the experiments reported in this paper the period of decreased blood 
flow produced relative anoxia throughout the body. It is believed that this 
anoxie condition is the probable stimulus resulting in the rapid discharge of 
the amines into the general circulation. These amines are earried to the heart 
which is also functioning in a relatively anoxie environment. The decreased 
myocardial perfusion and the anoxia to which the myocardium is subjected 
results in an inerease in anaerobic metabolism and the accumulation of lactie 
acid and other such metabolites within the heart muscle. It has been demon- 
strated by others* *1 that the acidosis produced by low flow rate cardiopulmonary 
bypass procedures and azygos flow is of the metabolic type. Weil and his as- 
sociates?> have demonstrated that there is a poor response to sympathomimetic 
agents in the acidotic patient and dog. Thus it may be that the acidosis and 
the accumulation of lactic acid during conditions of low flow are responsible 
for the failure of the heart to respond to the increased levels of catechol amines. 
When normal blood flow is restored and coronary perfusion is adequate so that 
there is correction of the acidosis and the removal of the lactie acid and other 
metabolites from the myocardium, then the heart is able to respond to the re- 
maining excessive adrenergic amines. This same situation has been demon- 


strated recently in hemorrhagic hypotension.** 


CONCLUSIONS 


1. The rebound phenomena have been observed and measured during azygos 
flow and low flow rate (20 to 25 ¢.e. per kilogram per minute) cardiopulmonary 
bypass procedures. 

2. The rebound phenomena were found to be associated with an increase 
in the levels of the plasma epinephrine and norepinephrine. 

3. The relation between acidosis and the accumulation of lactie acid within 
the heart during conditions of low flow rate and the response of the heart to the 
increased levels of catechol amines are discussed. 
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